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WASH FINANCIAL MANAGEMENT SERIES 

The Water and Sanitation for Health (WASH) Project has developed a series of 
publications dealing with financial management and cost recovery issues. Currently there 
are four reports in this series. Titles of these publications are as follows: 

Report 1 Guidelines for Conducting a Rnandal Management Assessment of Water 
Authorities (WASH Technical Report No. 53) 

Report 2 Guldelfnes for Cost Management Sn Water and Sanitation Institutions 
(WASH Technical Report No. 54) 

Report 3 Prtndples of Tariff Design for Water and Wastewater Servlces (WASH 
Field Report No. 348) 
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and have been prepared for audiences at varying skill levels within the finandal discipline, 
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diredive. The reports can be used individually or together. Report 1 is an assessment and 
diagnostic tool and would logically be the first report used to appraise the current financial 
management situation of a water supply institution. Weaknesses identified in the initial 
assessment of such areas as cost management, tariff policy, and financial planning can be 
addressed by using the other WASH reports in the series. 
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EXECUTIVE SUMMARY 
-. 

While billions of dollars are invested every year in water projects in developing countries, only 
rarely are these investments subjected to serious economk analysls, mainly because many 
sector professionals are skeptical that the economic benefits of new water supplies can be 
determined with sufficient accuracy to be useful. A review of existing literature on the 
economic benefits o$ water supply improvements suggests that surprisingly little empirical work 
has been done on the subject. However, since investment funds are Iim!ted, more attention 
should be focussed on economk analysis as a way to make intelligent chcices on level of 
service and pricing policies. 

The four principal research designs used to study the economic benefits of an improved water 
system are discussed in the report. These include the untreated control group with post-test; 
the control group wiih pretest and post-test; the untreated control group with pre-test and 
post-test; and designs using case control where individuals exhibiting a specific effect are 
identified. It is difficult and expensive to cany out any of these designs for a number of 
reasons, mainly because they taka years to plan and implement and are difficult to control. 
It h not surprising, then, that few studies of econodc impact have been carried out. 

The term "economic benefitsw as used by economists is not synonymous with "economic 
activity." The introduction of a water supply system might spur economic activity, i.e., new 
businesses, jobs created, increased agricultural production, and so on. These activities could 
be measured, but the results would not be what economists call economic benefits. According 
to economists, an economic benefit is the monetary value that individuals place on a good-in 
this case, a new water supply. This is measured by people's willingness to pay for such a 
good. 

Many water projects have been evaluated, but only a handful of published studies have 
attempted to establish a causal relationship between water supply and non-health-related 
effects in a rigorous, systematic way. Of the four studies reviewed in the report, none attempts 
to measure economic benefits. In fact, most of the available evidence on the economic benefits 
of improved water supplies is based on the costs that household will not have to incur after 
the installation of the improved system. Studies have been carried out on three types of cost 
savings in terms of calories (i.e., food expenditures), time, and money. 

Numerous studies d water vending have been carried out in recent years. A review of these 
studies reveals that water vending is vridespread and that water purchased from vendors is 
extremely expensive. It is not unusual for households to spend 10 percent of their income on 
vended water. Willingness to pay for water if very high in many areas. It follows that the 
economic benefits of a water system would be high in locations where water vending is 
extensive. The= am kg$ pfi-ahr. ~ u & B :  ~P&isin%. 'LVats~ sjjiste'ii-tj piariners s h d  
closely scrutinize communities thought to be good candidates for improved water supplies. If 
water has a high value in those communities, the private sector will likely be active. 



In addltion to cost savlngs from new water systems, Individuals may also derive consumer 
surplus on any increased consumption that resulh from the new system. In order to estimate 
consumer surplus, economists prefer to use information on individuals' actual behavior and 
then, based on consumer demand theory, infer urhat people's maximum willingness to pay for 
the good must be, given reasonable assumptions about underlying utility fu,idians. 

Few studies exM of how households in developing counbrles respond to higher prices of water, 
due largely to the absence of available data and the difficulty of obtaining data. Also, it is 
difficult to find a functional form for the traditional water-demand model because the 
households' chokc is more complex than a continuous single-equation demand model implies. 
As the price of water changes, the individual household may change both water sources and 
uses. 

The study reviews four papers that attempt an analytical approach to estimate a water demaud 
funcrion for households in developing countries that have met with various degrees of success. 
These four studies, however, do not provide models that can serve universally as a basis for 
estimating the economic benefits of improved water supplies. 

The hedonic property value model offers an alternative to the water-demand model as a 
means of estimating the economic benetfts of an improved water system. The hedonic 
property value model is based on the belief that households reveal their preferences for 
improved water systems in the prices they pay for housing, tccess to water being part of a 
bundle of characteristics assodated with a particular housing option. 

A third approach to estimating economic benefits based on households' actual behavior is a 
random-utility model that infers willingness to pay for an improved water system from 
information on the decisions households make as to whether or not to connect to the system. 

An alternative approach to the estimation of benefits is to ask respondents a series of 
structured hypothetical qt~estions about what kind of service they might select and how much 
they might pay or "bid" for it. This approach is termed the contingent valuation method. In 
spite of doubts about whether respondents would know how to respond or would tell the 
truth, there is a growing body of evidence that contingent valuation studies can be successfully 
conducted in developing countries. 

Over the last five years, the World Bank and the U.S. Agency for International Development 
(A.I.D.) have sponsored ten contingent valuation studies in developing countries to estimate 
households' willingness to pay for improved water supplies. The results of these studies have 
been recently summarized by the World Bank Water Demand Research Team, which found 
that willingness to pay for improved water supplies depends on four factors: (1) socioeconomic 
and demographic characteristics, (2) characteristics (including costs) of existing sources of 
water, (3) characteristics of the improved water supply, and (4) households' attitudes toward 
government policy in the water supply sector. 

viii 



The studies found that the vast majority of respondents were willing to pay something for 
improved water supplies. One of the most important deterrr~inants of willingness to pay was 
the exlsting source. income was not a major determinant. 

Although most respondents were willing to pay, they weren't willing to pay very much. Mod 
bids were low. Two explanatiom were offered for the low bids. In several cases, households' 
willingness to pay was heavily conditioned on past governmental policy and a sense of 
entttlement to water services. Also, there is considerable doubt that government can provide 
reliable service, something households place a high value on. Another explanation is that 
payment arrangements are not in, tune with the reality of poor people's income flows. 

This review makes clear that there is much yet to bc learned about the economic benefits of 
improved watersupplies and about household waterdemand behavior In developing countries. 
A single research study using the "untreated control group with pretest and post-test" design 
for esiimatll~g the economk benefits of water supply irnprovemenb would be an extremely 
valuable addition to the existing literature. 

To summarize, the following tentative observations may be put forward on the basis of the few 
studies that now exist. 

Economic benefits of improved water supplies can vary widely from one location to 
another. 

A key determinant of the economic benefit of the improved supply is the characteristics 
of the existing sources: price, reliability, quality, and convenience. 

Likewise, the characteristics of the improved source have a major effect on the size of 
the economic benefits. Some new supplies bring negligible benefits, for example, 
handpumps and public taps, while the economic benefits of private connections can 
be substantial. 

0 Households care a great deal about reliability; therefore, reliability is a major 
determinant of economic benefits. 

Cost savings benefits from improved water sources can be very large. 

When households are collecting water from sources outside the home, time savings 
appear to be the main perceived benefits. 

When househo!ds are purchasing water from vendors, the monetary savings from an 
improved supply can be equal to as much as 10 percent of household income. 

Water-vending studies suggest that the economk benefits of providing piped water to 
peri-urban areas are likely to be large. 

The economic benefits of inpn_ved wzkr S&!S gill ti2 gsat wkeevar extensive 
water-vending activities exist; conversely, where there are no water-vending activities, 
it is likely that households are not willing to pay much for improved supplies. 



Flnally, there are ecanomlc beneffts asoclated wfth the Increased water use that 
normally results from the Installation of an improved water source, but methods of 
studying these benefits are rrtlll In thelr infancy. 



Billiorm of dollars are invested every year in potable water supply projects in urban and rural 
areas of developing countries, but only rarely are these investments subjected to serious 
economk analysis. Most donor agendes and national governments exempt water-supply 
projects from the kind of economic appraisal routinely applied in other sectors. This is not so 
because economic questions do not arise. Since investment funds are Iimtted, priorities must 
be set, and some water-supply projects are select~d instead of others. As in the transportation 
and housing sectors, dtfferent levels of servke are technologically possible, and choices must 
be made about whether the higher levels of servke are worth the increased costs. Pricing and 
tariff policy are just as important in the water sector as elsewhere because cost recovery is 
often an impcrtant objective of water utilities and because water is a scarce resource that must 
be allocated among competing uses. The widespread lack of economic analysis in the planning 
and appraisal of water projects is thus not due to an absence of importarit economic issues. 

Economic analysis involves the balancing of the costs and benefits of human actions such as 
investment decisions and regulatory and pricing policies. Economic analysis is not widely used 
in the water supply sector because many professionals working A r he sector are doubtful that 
the exercise of balancing costs and beneffts is useful. There are two principal, distinct reasons 
for these misgivings, each with different implications for the ways in which economic 
information can be used in the policy and planning process. 

First, many professionals in the sector believe that a clean water source should be provided 
to everyone a9 a basic right, or that it is a "merit goodn that should not be subject to the usual 
economic criterion. This notion has been reflected in the past in numerous conference 
declarations, speeches, and Alms. The basic argument runs along the lines that water is the 
"basis of lifen and is "beyond price." 

Second, there is considerable skepticism among sector professionals that the economic benefits 
of new water supplies can be determined with sufficient accuracy for the estimates to be useful 
for practical purposes. One of the principal concerns is whether individuals can truly appreciate 
their preferences for clean watzr (and thus the benefits they are likely to derive) before an 
improved water system b installed. In this case, the disagreement b not over whether one 
would like to know the economic benefits of water projects in the abstract, but whether doing 
so is feasible given time and resource constraints. Put another way, many people doubt 
whether the quality of the information gained from efforts to estimate the economic benefits 
of water-supply projects is worth the expense. 

Despite these misgivings about the use of economic tools and reasoning in the water sector, 
some professionals find that economic analysis is useful to convince themselves about the 
wisdom of investing in a particular water-supply project. Correspondingly, some water-sector 



professlonals feel that economk analysb la useful to convince others about the advantages and 
disadvantages of a water project. As illustrated in Table 1, these dlvergent assessments yleld 
four posslble sttuations (or cases). 

Table 1 

Different Uses for an Economic Analysis 
of a Potable Water Supply Project 

Economic analysis is ... 
not useful to convince useful to convince 
oneself of the wisdom of oneself of the wisdom of 
a water supply project a water supply project 

Economic analysis is not 
useful to convince others Case 1 
of the wisdom of a water 
supply project. 

Economic analysis is 
useful to convince others 
of the wisdom of a water 
supply project. 

Case 3 

Case 2 

Case 4 

Professionals in Case 1 find little use for economic analysis in the potable water sector, either 
for understanding the pros and cons of an investment themselves or for making a case for 
water-sector investments versus investments in other sectors (or for one water project versus 
another). There are many such individuals workhg in the water sector. In addition to the two 
explanations cited above for not doing econornk analysis, such individuals often believe that 
the health benefits of improved water supplies are so large relative to the costs that a careful 
cost-benefit analysis will approve all water-supply projects by a wide margin. If this is the case, 
an economic analysis is unnecessary because the result is known in advance. 

In our view, Case 1 is not an intellectually credible position. It is true that human communities 
cannot exist without dally accesv to a source of water, but for just this reason it is important 
to be clear about the relevant investment decision. It is never the case that an economic 
appraisal of a water-supply investment requires one to know the total benefits of all water to 
a community's inhabitants; rather one needs to know the benefits of improving the level of 
service in terms of the quality and quantity of water relatlve to the exfstlng water sources. 
Also, there is simply not much known about the relative magnitude of health- and 
nonhealth-related benefits of water supply improvements. 



At the other extrame, Individuals In Case 4 believe in the u3c! of economk analysis tc r.onvlnr:e 
themselves and others about appropriate courses of actlon in the water wctor. Such irldlvlduals 
might be termed "true belicverd" and are most llkely to be trrrlned  economist^. In fact, whlle 
many economk& working for international aid organlzatiorw and developmal<t plant~lng 
mlnlrrtries have argued In favor of the ur;s of econorrlk apprabal methods In the potable water 
supply sector, very few have actually attempted to measure the economk benefits of water- 
supply projects. Thek enthusiasm is thus often based on principlle, not actual experience wlth 
applying ecanornk methods and successfully obtaining palky-relevant information. 

Indlvld~sdls In Case 4 are not the only ones wtth an interest in developing a better 
understanding of the economk benefits of potable waters ~pply projects and in improving the 
techniques for estimating such benefits. Individuals in Case 2 find that economic analysis is 
useful for convincing themselves about the appropriateness of alternative investments in the 
sector, but not useful for convincing polkymakers and other sector colleagues with whom they 
assodate. Given the widespread skepticism about the use of economic apprabal methods 
among sector professionals, this is a credible intellectual (and politkal) position. 

Alternatively, individuals in Case 3 may feel that economic analysls has relatively little to offer 
in terms of helping prioritize or select investments. They may feel that an economic criterion 
should not be the sole basis for assessing projects (or that an economic criterion is not relevant 
to the decision at all) but still find economic analysis useful to convince others about the 
wisdom of a project or policy. Individuals in Case 3 may thus subject a project to a personal, 
multicrfteria appraisal, and then, if they judge the project acceptable on such grounds, rely 
solely on economic arguments to make the case for the project or policy in a public or 
bureaucratic forum. 

This report has been written for individuals in Caws 2, 3, and 4, all of whom have an interest 
in learning what is known about the economic beneffts of improved potable water supplies and 
how these benefits are measured, albeit for somewhat different reasons. The report. reviews 
the available empirical evidence on the economic benefils of water supply projects. The 
economic aspects of improvements in health are not, however, specifically addressed because 
they are included in two other publications of the Water and Sanitation for Health Project 
(Esrey et al., 1990, and Paul and Mauskopf, 1991). 

Chapter 2 presents an overview of the research-design issues involved in an Investigation of 
the consequences of a water supply intsrvention. Chapter 3 provides an overview of what 
economists mean by the term "economic benefits" and the units in which they are measured. 
Chapter 4 reviews several of the better evaluations of water projects to see what can be 
leamed from them. Chapter 5 examines the available evidence on the cost savings that 
individuals obtain from improved water systems (in t e r n  of calories expended, time saved by 
no longer having to fetch water from distant sources, and rnonetaly savings from not 
purchasing water from vendors) . 
Chapter 6 reviews three types of empirical studies for estimating economic benefits that are 
based on individuals' actual behavior: (1) traditional water-demand models, (2) hedonic 
property value models, and (3) random utility models. Chapter 7 turns to the available 



c!vldericc! on econornlc t~r1eflt.9 obtalrred from contingent valuation studic!s (l.e., lndlviduals' 
responws trl hypothetkal clue!itlons). Flnally, C:Rapter fl summarlma our major findings and 
conc l~s lo r~~  and ofhrs suggesl!lorrs for future resear.ch. The app~ndlx summariws selected 
studles designed to estlmate the consequences of other types of Infrastructure Investments. 

Although we have tried to writ~e thls report for Individuals In Case3 2, 3, and 4, some parts 
are clearly Intended for norrecor~omlsts and othtrr pa& for econornbb. Thb mearm that some 
wdlons will necessady be tough golng for nonc!conomhts. We apologh in advance for thb 
problem of multiple audiences, and suggest that noneconomkits may want to sklp Chapter 6. 

There are: two s~~bjects that thb report does not address. The flrst b the Issue of the 
macroeconornlc effects of hfrastrudure lnve~stmc2nts In the potable water supply sector. Most 
of the literature on the! macroeconomfc effects of infrzistructure lnvestmonts has focused on the 
IJnited States or other hdustrialized countrie,g. Also, it usually deals wtih physical infrastructure 
In general, no5 potabhz waler supply per se. Nevertheless, tt is Important to recognize that the 
mlc;rciecon~~mk !iter&ure reviewed here is unable to determine many of the potential 
synergistir, effects of potat~le water siupply projects, nor does it measure well the value of 
improved water supply in tenns of in~creased production. 

Second, little 1s said about the econon* benefits from water quality improvements. 'This is in 
part because many of  the benefits of urater quality improvements to households are probably 
health-related and because there is little Itteraturc! on the subject of nonhealth-related effects 
of water quality improvem!nts. Also, the theoretical framework and methods presented for 
measuring the economic benefits of increases in water quantity are easily extended to water 
quality improvements. 



ESTIMATING ECONOMIC BENEFITS: THE RESEARCH PROBLEM 

2.1 Elements af Research Design 

How can one really know whether economic benefits result from the installation of ark 
inrrproved water system? To establish a causal relationship between an improved water system 
and econornlc benefits to individuals in a communtty, it is clearly necessary to know what Is 
meant by "economk benefits" and how these can be measured. We examine these topics in 
the next chapter. But before beglnnirig our discussi~n of economic benefits, it is important to 
have a clear sense of how one can be confident that a causal relationship exists between the 
installation of an improved water system and any kind of hypothesized effect or consequence 
(e.g., time savings, increased water ronsumption, improved health, etc.)-not just "economic 
bcnefits." 

Research projects attempt to make valid inferences about causal relationships by comparing 
data (pertaining to the variables of interest) frorr! different "situations" so that the difference in 
the measured variables indicates the effed of the! treatment or intervention. Different types of 
siiuations can be compared, and one of the print-;pal objectives of research (or experimental) 
design is to identify what "situations* are appropriate for such a cornparisoil. Two key concepts 
are often used in research design to define appropriate comparisons for drawing valid 
irrfezences: treatment versus control groups and pretest (ex-ante) versus post-test (ex-post) data 
otjservations. 

Ir* a laboratory experiment, the researcher attempts to "administer" a "treatment" to one group 
of subjects and not to a second group, called the "controlw group. By careful construction of 
the experiment, the researcher attempts to ensure that the only difference between the 
treatment and control groups is that one receives the treatment and the other does not. A 
comparison can then be made between the treatment and control groups, and any observed 
differences in the variables of interest can be attributed to the treatment. In other words, it can 
be inferred that the intewention caused the difference between the treatment and control 
groups. 

It is not possible, of course, to install an improved water system in a laboratory setting. The 
"treatment" must be "administeredw in actual communities where it is impossible to maintain 
strict control of research conditions. Whenever a water system is installed in a real-world field 
s = i ,  sxiqji &ha ' t W i  a- Lhppming ai. me same rime, and there is atways the risk that 
the researcher will conclude that an effed exists when in fact it does not, or that an effect does 
not exist when in fact it does. 

Four principal research designs can be used in field settings to establish causal relationships 
between water supply interventions and hypothesized effects. All face potential threats to their 



validity. To Illustrate the application of the first three of these research designs to the problem 
of ldenttfying the effects of improved water supply systems, we define the following notational 
system: 

Let 

X P. a "treatment" [In our case the Installation of an improved water system]; 

0, obverwations of the phenomenon of interest, where the subscript indicates the time 
period (or sequential order) of the recording of the observations. [We also indicate the 
timing or order of observations by recording earlier observations to the lleft of 
subsequent observations.] 

2.2 Untreated Control Group with Post-Test Only 
(Cross-Sectional Design) 

The first design is an untreated control group with a post-test only. This design can be 
illustrated schematically as follows: 

X 0, [Treatment Group] 

0, [ Control Group] 

Here the researcher evaluates the situation only after the improved water system (X) is 
installed. The researcher attempts to identify communities or villages wtthout an improved 
water system that are like the treatment village(s) were before the installation of the improved 
water system(s). Any difference between the observations (0,) in the treatment and control 
groups is ascribed to the effect of the improved water system. 

The primary threat to the validity of this design is the absence of any pretest data. Although 
researchers attempt to select samples for the control group that are equivalent to the treatment 
group, this Is generally very hard to do in field settfngs. For example, the environmental or 
sodoeconomic condttions of the treatment and control villages may differ. Within the context 
of this design, such a problem can be dealt with by randomly selecting the sample of 
communities for both the treatment and control groups. The randomization process can thus 
achieve equivalency between treatment and control groups. In practice, however, it is 
politically difficult (if not impossible) to randomly assign improved water systems to villages. 
Also, it is expensive to study a sufficient number of villages to implement such a random 
selection procedure. This approach is thus financially beyond the scope of small research 
efforts. 



2.3 Preteet/Post-Test Design (Ilme-Series Design) 

The second type of deslgn includes both a pretest and a post-test. Thls design can be 
represented as follows: 

The pretest observations (0,) are recorded on a single group of individuals (there ls no control 
group). After these tndlviduals receive an improved water system (X), the rexarcher returns 
to measure the post-test observations (0,). The two sets of observations are compared, and 
any difference is attributed to the treatment. The individuals studied could be from one or 
mare communities. 

The main threat to the validity of this design is that some other change will occur in the 
village(s) besides the installation of the improved water system. This extraneous factor could 
either cause the change in the measured effect (and the researcher would wrongly conclude 
that the change was the consequence of the improved water system) or cancel out the sffzd 
of the improved water system (and the researcher would incorrectly conclude that the 
improved water system had had no effect). A control group is required to reduce the risk of 
such mistakes. 

2.4 Untreated Control Group with Pretest and Post-Test 
(Time-Series Design) 

The third research design, an untreated control group with both pre- and post-tests, combines 
the strengths of the previous two designs. It may be expressed schematically as follows: 

01 x 0 2  [Treatment Group] 
01 0 2  [Control Group] 

Here, both treatment and control groups are identifled and observations of both are made 
before and after the treatment is administered. From the baseline data it should be possible tc 
verify that there are no statistlcd differences between the treatment and control groups bef0.e 
the improved water system is installed. Observations are also made of both experime:~tal 
groups afler the treatment. If the observations (01 and 0,) for the control group r~.main 
unchanged and the observations for the treatment group change, then one can generally be 
confident that the difference between 0, and 0, for the treatment group is due to the 
improved water system. 

This is the strongest, most reliable of the three research designs. This design is even more 
powerful if additional observations can be made of the treatment and control groups in later 
per!& [e.g., p?i& 3 arid 4). Tkb &&i is, however, the most expensive to implement. 
One potential risk to this design, as well as to the pretest/post-test design, is that the second 
round of observations (5,) will be recorded too early, before households (and firms) have had 
an opportunity to fully adjust to the presence of the new water system. 



2.5 Case-Control Design 

This fourth research design takes a different approach to the problem of establishing a causal 
rc,lationship. Rather than starting with the administration of the treatment and then searching 
for the effect, the case-control method identifies individuals (cases) with the efiect and attempts 
to work backward to determine the socioeconomic or environmental factors that may have led 
to the effect. This design has proved successful in the epidemiologkal field in determining the 
causes of waterborne fflnesses such as diarrhea (Briscoe et al. 1986). 

For example, a researcher using a case-control design in a study of the causes of diarrhea 
might record data on two groups of individuals that report to a health clink: those with cases 
of diarrhea and those with other problems (lee., controls). Data on the sadoeconornlc and 
environmental conditions for each individual would be collected, and the researcher would 
then use multivariate statistical techniques to calculate the "risk factors" most likely to 
contribute to the incidence of diarrhea. This approach avoids some of the difficulties 
introduced in the other designs if experimental groups are not randomly selected. 

The unit of analysis for a case-control design might be an entire village or community, rather 
than an individual household. If t he unit af analysis is a community, then a case-control design 
would use community-level data (or averages) and include some villages with high economic 
growth rates. The research task wo~~ld then be to see if vfflages with dynamic, fast-growing 
economies were more likely to have improved water systems than villages with poor 
economies. The vfflages with high growth may indeed have improved water systems, but it 
does not follow that the improved water systems conMbutei to the strong economies. It could 
be that their economies were strong before the installation of the improved water system. 
Rather than a cause, the water system might be the result of high growth: households could 
afford the water system because they were prosperous. 

2.6 Summary 

The easiest research design to implement is the "untreated control group with post-test only," 
but this is alsa the design ~ i t h  the most serious threats to tts validity. It is difficult and 
expensive, however, to carry out any of the research designs summarized in this chapter. This 
is true for several reasons. First, water-supply interventions are difficult to control for research 
purposes. They are expensive and typically impossible to assign randomly to different 
communities. Second, in many cases water-supply interventions take several years to plan and 
implement. Also, people need time to adjust to the new water source. The time-series designs 
in particular thus require careful planning and a long time horizon. Both researchers and 
funding agencies seldom have the patience and foresight to cany out multiyear research 
projects. Third, legitimate control groups are di f f id  to identify, and funding is hard to obtain 
to study communities and households that do not receive an improved water supply. 



ECONOMEC BENEFITS: THEORY A N 0  CONCEPTS 

3.1 What Data Should Be Recorded on Outcomes 
by the Research Desllgn? 

The overview of basic research designs in the previous chapter leaves unanswered the question 
of what exactly the designs should measure? In other words, what data should be recorded 
in order to measure the "econormic b e n e w  of an improved water system? 

If households decide to use an improved water system, many things may change in a 
cornrnuntty. For Instance, the hedth of indlvkiuab in the community may improve because 
increased water use may lead to a reduction in water-washed diseases and better water quality 
may reduce the incidence of waterborne diseases. A water-supply intervention may also 
improve health through less direct ways. For example, if women spend less time collecting 
water, they may be better able to prepare food for their children and look after their children's 
health needs. Improved health conditions will result in fewer days of work and school lost to 
illness and less money spent on medical care. Money not spent on health care may be spent 
on better nutrition or housing, whkh may in tum lead to further improvements in health. 

There are also nonkealth-related effects of the improved water supply. If women no longer 
spend as much time collecting water, they may have more time to devote to agricultural or 
market activities. Time savings may also be allocated to leisure, educational, community, or 
religious activities. Improved water supplies may permit small commercial enterprises to 
emerge that would have been unprofitable before. Lower red costs of water may even reduce 
the price of housing itself, by lowering the cost of mixing cement, and thus change land-use 
patterns in a community (Fass, forthcoming, 1993). 

In effect, the water-supply intervention sets in motion a chain of events, some of which are 
depicted in Figure 1. Many aspects of the community may change, and it may become a 
different place in all kinds of ways. How can this change be described in "economicw terms? 
Analyst. may attempt to measure varIous economic indkators or aspects of economic actfulty 
in the community before and after the water supply intervention. For example, one could 
attempt to measure howhold income, the number of new businesses, jobs created, 
employment, or agricultural production. Such studies could indeed be very interesting, and 
the research designs descaibed in the preceding chapter could be used to measure changes in 
such economic indkators. But such measures of economic activity are not what economists 
mean by the term "economic benefits." 
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Figure 1 

Economic Benefits from Improved Water Supp!*# 

In a formal sense, economists define "economic benefits" to an individual in terms of his or 
her preference satisfaction, or how much he or she ualues all the various effects of the water- 
supply intervention. The ethical basis for this notion of economic benefits is that public 
investments, polictes, and regulations should be evaluated in terms of their impact on human 
welfare, or well-being, and that individuals are the best judges of their own welfare. 

An important implication of this concept of economk benefits is that to the extent that the 
health benefits from a water-supply intervention are perceived by an individual, they are a part 
of the total cconomic benefits of the project. This means that estimates of health-related and 
economk benefits from water-supply projects are not mutually exclusive but are to some 
degree measures of the same underlying effects. In other words, the eco~lomic benefits cannot 
simply be added to the health benefits to obtain an estimate of the total benefits of the project 
because k e  two overlap. 

There is little evidence, however, on the extent of this overlap. In order to consider the nature 
of this overlap more carefully, Table 2 depicts four types of different combinations of health- 
and nonhealth-related, and perceived and unperceived benefits. The cell entries are the 
percentage of the total benefits from a water-supply project denoted by the respective row and 



column headings. For example, the entry in Cell 1 is the percentage of total benefits that are 
health-related and perceived by the users of the water system. Cells 3 and G present the row 
totab showing the split between total beneftts that are perceived and not perceived. Cells 7 
and 8 show the column percentages of total health- and nonhealth-related benefits. Cells 1, 
2, 4 and 5 total 100 percent; as do Cells 7 and 8; and Cells 3 and 6. 

Table 2 

Distribution of Total Benefits to Users from Improved Water Supplies 
(HealthlNonhealth vs. PerceivedlNot Perceived) 

Health Nonhealth 
Benefits Benefits Total 

Perceived Cell 1 Cell 2 Cell 3 
Not Perceived Cell 4 Cell 5 Cell 6 

Total Cell 7 Cell 8 100 percent 

A study of the health effects of a water supply project would typically attempt to measure both 
the perceived and unperceived health benefits (Cell 1 + Cell 4). A study that attempts to 
measure the economic benefits in terms of individuals ex-ante expectations about the effects 
of the water project would measure all the perceived beneftts (Cell 1 + Cell 2). After a project 
is completed and individuals have experience with the water supply system, some of the 
benefits that were originally not perceived may bezome apparent to individuals. If all of the 
health- and nonhealth-related beneftts that were not perceived ex-ante become apparent after 
experience with the project, then a study of the economic benefits of the project would 
measure the total benefits of the project in terms of increased human well-being (Cell 1 + Cell 
2 + Cell 4 + Cell 5). 

Professionals working in the water-supply sector often have strikingly different implicit notions 
about the relative magnitudes of health- and nonhoalth-related effects and the extent to which 
each is perceived by individuals. Some of these dWerences are due to the different disciplinary 
training of such indivkluals. For example, many professionals in health education tend to think 
that the majority of the total benefits are health-related and that the majority of these are not 
perceived by the users. On the other hand, some economists think that most of the total 
benefits are nonheahh-related and that most are perceived by the users. 

Different experiences in developing countries also shape water-sector professionals' 
expectations about the relative magnitudes of health- and nonhealth-related effects and the 



extent to whlch each Ir; perc~lved. There is, of course, no reason to think that the cell entries 
would necessarily be the same in different countries, or even within a particular country. It b 
entirely possible that in one location the majority of the total benefits would be nonhealth- 
related and perceived by usem and in another locatlon that the majority would be healt.ht. 
related and not perceived by users (or any of the other possibilities), Aho, situations in many 
developing countries are changing rapldly, and what might have been true a decade or two 
ago may no longer be true today. Sector professionals are often slow to revise their opinions 
or assessments of the nature of water-supply sttuations and the 'benefits possible from 
improvements. 

3.2 Measurement Issues 

If "economk benefitsn are defined in terms of preference satisfaction, or increased human 
welfare, the next, obvious question is how economists propose to measure such an abstract, 
ambiguous concept. The notion of human welfare is a rnultidirnensional concept that cannot 
in fact be measured directly. It is reasonable to believe that an individual's welfare increases 
if a sufficient supply of improved water is provided, if he or she is better nourished, or has 
fewer illnesses, but it is unclear what unlts one would use to measure "welfare." Instead of 
measuring human welfare directly, economists propose to transform it into a unit that can be 
measured on a ~'ngle scale. 

The unit suggested is money. Economists suggest measuring a person's change in welfare by 
the maximum amount of money income that an individual would be willing to give up in order 
to obtain an j,mptovement. (For a change that reduces welfare, the proposal is to measure the 
amount of money that the individual would require in compensation in order to accept the 
change.) For example, consider an individual at an initial state of welfare, Wo, that he or she 
achieves with a money (and noncash) income, Yo, and a traditional water source, So: 

Suppose that an improved water system, S1, is proposed, and that this new water system will 
increase the individual's welfare to W,: 

The economist would like to know how much this individual's welfare would increase if this 
new water system were installed., i.e., how large is W1 minus Wo? 

Since there is no reliable, accurate way to measure directly the individual's welfare in these 
two states directly, economists have proposed a different approach. One can try to determine 
the maximum amount of money the individual would be willing to pay (WTP) to have the new 
water system installed, In effect, the bdfviriud is asked to consider two combiiatiom d 
income and water source that both yield the same level of welfare No): one in which personal 
income is reduced and the new water system b installed and another in whkh income is not 
reduced (i.e., stays the same) and the new water system is not installed (i.e., there is 
coniinued use of the traditional water source): 



In other words, the "rationalw indlvidual user Ls assumed to behave in such as way as to (or 
b asked to) adjust WTP to the point at which thew two combinations of income and water 
source yield the same level of welfare. At this point, WTP k defined as the monetary value 
of the change in wczlfare, W, - Wo, resulting from the Installation of the improved water source 
(S,). Thk monetary value of the change in welfare is defined as the "economic beneftt" to the 
individual user of the new waier system. 

It is useful to consider two reasom why an individual would be willing to pay for an improved 
water system that offered the same quality of water as the  Indloldual's exlstlng source. If the 
quality is the same, the real costs of obtainirig water from the new source (including any 
money price) must be less than for the existing source; otherwise the individual would 
presumably choose not to use the new source. The first reason is that the individual will save 
money (or time or other costs) obtaining the amount of water he or she orlglnally used from 
the existing source. This first component of the individual's willingness to pay is termed cost 
savings and may include not only monetary savings but also savings of time and other 
resources. 

The second reason an Individual would be willing to pay for the new source is that, because 
the water is now cheaper, he or she will generally decide to use more water. Of course, the 
individual must pay for thk increased water use, but perhaps not as much as the maximum 
amount he or she would be willing to pay. This second component of the individual's 
willingness to pay is termed the consumer surplus on the additional quantity of water used 
after the installation of the new water source. The two components of economic benefits are 
thus the cost savings on the quantity of water used and the consumer surplus on the additional 
amount of water used as a result of the installation of the new water system. 

Figure 2 illustrates these two components of willingness to pay (i.e., economic benefits). 
Consider a household's hypothetical demand function for water for different uses. Suppose 
the household is purchasing 20 liters of water per day from a water vendor that delivers water 
to the door for a prim of US$6.00 per cubic meter. In Figure 2 this initial situation is indicated 
by price, P,, and quantity, Q,. The household's total daily expenditwe on vended water, P,' 
Q,, is US$0.12 per day and is depicted by the area A + B. 

Now suppose that an improved water system is introduced and this household decides to 
obtain a private connection to the new distribution system. Assume the water utility charges 
US$0.25 per cubk meter for water from the new system, P,. There is compelling evidence 
from around the world that household water use increases substantially when households are 
provided with a private connection or yard tap in their house: assume here that the 
household's water use increases to 200 liters per day, Q,. In this case the household's 
expend- on water after the installation of the private connection, P,'Q,, decreases from 
US$0.12 to US$0.05 per day. This expenditure on water after the installation of the private 
connection is represented in Figure 2 by the area B + D. Note that the relative sizes of A + B 
and B + D depend on the specific demand function and are not known tn advance. 



Figure 2 

Components of the Economic Benefits to a Household Resulting 
from the Introduction of an Improved Water System 

The correct measure of the economic benefits to the household due to the water-supply 
improvement consists of these two components: the household's cost savings on the original 
quantity of water purchased from vendors (area A) and the consumer surplus on the increased 
water use that results from the of the private connection (area C). In Chapter 5 we  
examine estimates of the cost-savings component of economic benefits. In Chapter 6 we 
review estimates of economic beneftts that include the consumer-surplus component. 

It is important to note that the components of the economic benefits of additional water shown 
in Figure 2 accrue to the household, not necessarily to sodety in general. If this additional 
water provided to the household must be taken from some other use where tt has value (e.g., 

iften ipom a S&& pmyffciive here t oyp&&& mP - - - - -  1 ' A asxKmea 
with providing this water to the household. In other words, the transfer of water has benefits 
to the household, but costs to the existing user. 



Defnlng ueconornlc benefits" In tertns of indlviduak' w1111ngness to pay for changes In watcr- 
supply systems has important lmplkatlons for the appraisal of water-supply  project^. If one 
were only interested In the effects of a water-supply project on businesses or productive 
actlvltles, It would be possible to use any of a number of measures of economk actlvtty and 
then implement one of the research designs described In the previous chapter to see what 
effect the improved water system had on this measure, However, if by "economk benefits" 
we mean Indlvlduals' willlngnsss to pay for the changes that result from the water-supply 
Intervention, then we must pay particular attention to how Indivlduals behave (or say they will 
behave) In response to the Installation of a new water system. 



WHAT HAPPENS WHEN IMPROVED WATER SYSTEMS PARE, 
INSTALLED? A REVIEW OF SELECTED EVALUATION STUDIES 

The vast majority of so-called eval~ations of water-supply projects consists of an individual, 
or perhaps a team of experts, visiting project sites after the completion of a project, 
interviewing selected oifldak (and perhaps a few individuals using the new water system), 
observing the operation of the new system, and drawing their own subjective conclusions 
about the effectiveness of the water project. Depending on the experience and skill of the 
evaluation team, this approach may yield valuable insights or reveal instances of major project 
failure. It cannot, however, provide verifiable, convincing scientific evidence on the actual 
effects of the water-supply intervendon such as that available from careful implementation of 
any of the research designs described in Chapter 2. 

There are only a few published studies that attempt to establish the causal relationship between 
a potable water-supply intervention and nonhealth-related effects in a rigorous, systematic 
way. This chapter reviews four such studies. None of these four studies, however, attempts 
to formally measure the "economk benefits" of the improved water system as the term is 
defined in Chapter 3. Rather, the effects of the water supply intervention are measured in 
terms of such consequences as time savings. 

4.1 Drawers of Water: Domestic Water Use in East Africa 

The seminal worlc of White, Bradley, and White (1972) on domestic water use in East Africa 
is the starting place for many aspects of water-supply policy in developing countries, and this 
is certainly true as well for our investigation of the economic benefb of improved water 
systems. White, Bradley, and White's field work in East Africa consisted primarily of a large 
cross-sectional study of household watei, use practices in 19 sites without piped water 
connections and 15 sites with piped water connections. In each site approximately 20-30 
households were interviewed about their existing water-use practices, attitudes, and 
perceptions. 

Although their research program was not an evaluation of a particular improved water-supply 
system, White, et. al. did compare water use by households in sites with improved and 
unimproved water sources and attempted to idenfify the factors that determined household 
water use. Although Write, et. al. dM not attempt to rigorously estimate the economic benefits 
for e k b j  of irq~roved water sysfems, two of their findings are of particular relevance here. 
First, there were substantial differences in the distances households walked to collect water 
from traditional sources, both among households in a patticular village and among households 
in different villages. The authors examined per-capita daily water use as a function of the 



distance households walked to fetch water and found that aver a r~latlvely wide r~lrlge of 
dl~tances (a few meters outside the home up to about 1.5 kilometers) per-caplta water 11.w 

does not decrease much (if at all) as distance increases. 'l'helr study had relatively few 
observations wflh dbtances of over 1.5 kllometers, but it appeared that, If dlstances Increased 
above 1.5 kilometers, per-captta use dropped signtflcantly. For example, the mean per-captta 
water use for households wtth collection dbtances of less than 1.5 kilometers was about 9-10 
llters per capita per day. For households wth collection dlstances of more than 1.5 kllometers, 
it was about 4 5  liters per captta per day. This finding that per-capita water use is relatively 
lnsensttlve to changes In collection dk4ance up to about 1.5 kllometers was true in both rural 
and urban areas. These results suggest that, if an improved system of publk taps (or public 
handpumps) were Installed in a village in which households currently walk less than 1.5 
kilometers to collect water from traditlonai sources, one would not expect per-capita water use 
to increase significantly. 

Second, White, Bradley, and White's results show that per-capita water use increases 
dramatically when plped systems are installed and water b brought into the home. This was 
true even after controlling for such factors as income, education, housing density, and 
household composition, and it is true in both urban and rural areas. The size of the effect is 
very large: per-capita water use can increase 10-20 times when a piped water system is 
installed in a community. The Implication of this second finding is also important: if economic 
benefits depend largely on the amount of water used, then the benefits from the installation 
of piped water systems are likely to be much greater than from public taps or public 
handpumps (although the costs are typkally considerably higher as well). 

4.2 An Evaluation of Village Water Supplies in Lesotho 

Feachem et al. (1977) conducted an ex-post evaluation of water supply projects in villages i~n 
Lesotho. The authors selected a nonrandom sample of villages. Some of the villages had 
received improved water systems funded by the Overseas Development Administration of the 
British government, and others had no improved system. The study identified five types of 
potential "benefits": health, time savings, brewing activities, communal gardens, and level of 
"community development." The authors compared the levels of these five variables in the two 
groups of villages and attributed any difference to the existence of the improved water system 
(an "untreated control group wlth post-test only" design. See Chapter 2.2). The authors 
concluded that there was no relationship between the existence of an improved water supply 
and four of the five types of hypothesized benefits: health, brewing, communal gardening, and 
community development. Women's time allocation patterns were, however, different in the 
treatment villages (i.e., the villages with the improved water systems) and control villages. 
Women in the treatment villages spent less time collecting water. 

In order to det~trrnhe how w o w n  utilized the time savings from the provision of improved 
water sources, the research team compiled time budgets for 57 women at various periods of 
the agricultural year. (The women were not randomly selected.) Women's time was allocated 
to four main categories: water collection, household work, agricultural work, and social and 
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,~griculture s r  other dirwtly "produdl~e~ r l ~ t l ~ l t l ~ ~ ,  

'f tic! primary contribution of the study was the atterrrpt to cornpile time-allcsatlon budgets for 
wornen wlth different wn!ar sources, The rmin!ts ate limited by the lack sf cx-ante bawllne 
data and the rudimentary stirtbtlcal analysis. It co~~lcil be that women's time-allocation patterns 
were different In the villages with and withsut improved water supplies even before the 
lnstallcltion of the imprnved systems. Also, even If the treatment and control villages started 
out with ttae same time-allocation patterns, some factor other than the provision of an 
improved water-supply syfiem may have caused the differences observed in time-,rllocation 
patterns, The rSyk sf thls thwaar to the validlty of the study design Is increased by the 
nonrandom selection of villages. 

4.3 Water Use in Two Villages in Mueda, Mozambique 

In August 1982, Cairncross and Cliff (1986) conducted a small study in Mueda, Mozambique, 
that was similar in several bask respects to the Lesotho study by Feachem et 01. Cairncross 
and Cliff again used a simple cross-sectfonal experimental design to look at water use by 
households in two villages: one with (Namaua) and one without an improved water supply 
(Itanda). In Namaua there was a functioning publk tap in the center of the village, and the 
sample households were about 300 meters from the tap. Women spent approximately 10 
minutes collecting one bucket of water. The water source for households in Itanda was about 
four kilometers from the village, and women spent more than two hours walking to and from 
the source. In addition, queue times at the source were so long that total collection time in 
Itanda averaged about five hours. 

The authors collected information on the amollnts of water women in both villages fetched 
from the respective sources on four days. Data on per-capita water use were obtained for 329 
person-days in Narnaua and for 338 person-days in Itande. The authors found that 
households in Namaua collected three times as much water as households in Itanda (11.1 
versus 4.1 liters per captta per day). Households~ in Namaua used most of th2 additional water 
collected for increased bathing and clotheswashing. 

These findings indkate that as collection time falls, per-capita water use increases, as suggested 
by consumer demand theory. The decrease in c:oUection time was vely large: horn five hours 
per bucket to 10 minutes per bucket. Howevc!r, water use was still veiy low (11 liters per 
e a p b  pwr Farirerr cokcikm iirrre was ody 20 minutes per bucket. These data suggest that 
demand for water is quite inelastic with respect to collection time at such low levels of 
consumption. 



C:,rlrncro.i!r ,~nd Cllff ,1130 qtudied how womccn'ri tlme.,~llocatlorr pittern? tllff~!r~d In the two 
vIll,lgerr. 'l'halr objedlvc was to detorrnlncc how wonien would use thra time !;#rvlngs rc!tn~lting 
from lrnproved water r;~tppli~:s. 'Tl~ey complled time budgets for adult fr3mitles In the s'lrr~ple 
households and compared the results In the two villagas. They found tt.rat women In Ne1maua 
rrsed most of their "time savlngsn for rest and housework, not for agrkultural work. On 
average, wornen in Namaua spent 106 trllnutes per day less fetching water than womcn in 
Itilnda and had 48 minutes more rest per day. 

The results from the time-allocation study suggest that in this case the economic beneftts of the 
isnproved water system do not result from lost opportunities for agricultural labor but are rather 
the value women assign to time for additional rest and lelsure. There b, however, an 
important caveat to this result: the study was undertaken during a period when demand for 
agricultural labor was low. It 1s not known whether worrren would use the time savings from 
Improved water supply for dgricultural labor during the peak agricultural season. 

This study has two additional methodological limitations. Flrst, there were only two villages in 
the sample, and these were not randomly selected. Second, there is no indication that the 
households studied were randomly selected, nor was any attempt made to control for 
socioeconomic characteristics of the households with the use of multivariate statistical methods. 

4.4 An Evaluation of Water-Supply Projects In Korea 

Chetwynd et al. (1981) carried out an evaluation of the consequences of installing improved 
water supply systems in two towns in Korea, Naesu and Dongmyon. The two towns were 
selected in part because a high percentage of househcldls connected to the new water systems 
(40-50 percent); in this sense, tt.e projects were pre,uentified as "successful." The new water 
systems were installed in 1978, and the evaluation study was conducted in October 1980. 

A stratified random sample of households was selected horn each of the two towns. In the 
areas of each town where water was provided, the popr~lation was divided into those 
households itrat connected to the new system and those that did not. In Naesu, 67 ho:tseiiolds 
were interviewed: 34 with a connection to the improved water system and 33 without a 
connection. In Dongmyon, 66 households were interviewed, but 53 of these had a connection 
to the new water system. 

The authors questioned respondents about their current water-use patterns and then asked 
them to recall aspects of their water-use behavior before the completion of the new water 
system. A comparison was then made of households' water-use behaviar before and after the 
installation of the improved water system. The authors found that household water use 
practices did not change much after the installation of the piped water system. For example, 
many households continued to do their laundry in a nearby river and boil their water before 
drinking. 

The survey instrument also asked the respondents to make a subjective judgment about the 
main benefits of the new water system. The users identified three principal benefits: saving 



titne, rnnking Ilfe easier, and Improving health. Interestingly, the only type of benefit that a 
slgnlfkirnt number of respondents identtfled a3 important was "savlng tlrrw." Most of thew 
respondenh had previously been using a cornmunlty well as thelr prlrnanj water riource. 

A weakness of thb study Is that the households that dki not conned to the new water system 
did not constttute an adequate control group. &cause all of the sample households were 
selected from towns In whkh an improved water system was installed, the households that did 
not connect to the system cannot be assumed to be the same ds those that did. In fact, the 
authors presented simple cross tabulatlons to show differences between households that 
connected to the new water system and those that dld not. ,4nother limitation of the study b 
the use of household recollections of water-use behavior 'More completion of the new watzr 
system. Since no baseline survey was carded out, it is impossible to know how reliable such 
recollections are. Also, the authors pooled the data from the two towns: no attempt was made 
t~ control for differences in the two locations. 

All four studies use cross-sectional designs to determine how improved water systems affect 
water use and/or other types of household or community activities. We found no studies in 
the literature that used a classkal ex-onte/ex-post design (either with or without control 
groups! to determine the nonhealth-related effects of a water supply intervention. Although 
none of the studies attempted formally to measure "economic benefits," White, et. al. do 
provide some interesting calculations of the cost of obtaining water from traditional sources 
(which w e  review in the next chapter). 

Nevertheless, the results af these fiw studies give some intriguing clues about the likely 
economk benefits of improved water supplies. First, none of the studies indicates that the 
instalation of improved water systems results in dramatic changes in economic activities (as 
traditionally defined) or production of goods or services. Second, the findings from studies by 
White, et. al. and Cairncross and Cliff, when taken together, suggest that, when water is 
collected from outside the home, water use is low in absolute terms and relatively inelastic with 
respect to collection time. [The collection times found by Cairncross and Cliff in Itande (five 
hours) are larger than in any of the villages studied by White, et. al. and the average per- 
capita use levels reported by Caimcross and Cliff are at the low end of the range reported by 
White, et. al. Their findings are, however, genedy  consistent with each other.] 

Third, time savings from the installation of improved water sources can be substantial in rural 
areas where people are fetching water from outside the home. The study by Chetwynd et al. 
found that these time savings were important to many people. The studies by Cliff and 
Caimcross and Feachem et al. found that time savings are allocated to rest and housework, 
-.-b . .4-.IL.-t -U W-- A*-.-  - .- ahniinrr~. none &&a studices shed: mucn itght on how much households value 
these time savings. 



ESTIMATES OF ECONOMIC BENEFITS 
BASED ON COST SAVINGS 

Most of the available evidence on the economk benefits af improved water supplies is based 
on estimates af the costs that households will not have to incur after the installation of the 
new system. Households In developing countries currently spend time, energy, and money 
procuring water from their exisHng sources. To the extent that these costs are r e d u ~ ~ d ,  they 
will derive economk beneftts from a new water system. As noted in Chapter 3, cost savings 
measure only a portion of the total economk beneftts because they do r~ot include the value 
that households assign to improved water quality and the consumer surplus on any increase 
in the quanttty of water used. 

In this chapter we review the evidence from studies pertaining to three types of cost savings: 
calorles (i.e., food expenditures), time, and money (water vending). In addition to these three 
kinds of cod savings, households in some countries treat their drinking water, either by boiling, 
filtering, or adding chemicals. Any reduction in time or money spent treating water would also 
be a beneftt of an improved water system, but we have not identified any published studies 
that attempt to quanttfy such benefits. 

5.1 Calories Expended 

In Drawers of Water: Domestic Water Use In East Africa, White, Bradley, and White (1972) 
providcd the first detailed calculations of the monetary value of the calories women spend 
fetching water from sources outside the home. They reasoned that women require increased 
calories in order to undertake the strenuous work of fetching water from existing sources, and 
that one of the benefits of an improved water system would be the reduction in food 
expenditures made possible by not having to cany water. Such estimates of the economic 
benefits must be low because they assign no value to the time women spend hauling water. 
They thus represent a lower bound on the total cost savings. 

White et al. calculated the monetary value of the caloric savings using the following equation: 

Economic benefits = Calories expended Food cost 
($ per day) per day canying per calorie ... -4- WU~CF ($ per caiorie) 
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The authors collected clata on the amount of water collected per day by the households in 
thelr sample In each of the study sites. Their estimate of tha calories expencled per day was 
calculated as follows: 

Calories Calorles per * Kllogams Nurnber of correct lor^ factor 
Expended Icllograrn per person hours spent for dope of 

of body wo:ight per collecting terrain 
hour carrying various water 
loads of water 

% 

They measured the time spent collecting water for households in their sample and assumed 
standard sizes for men (58 kilog-rams), wornen (54 kilograms), and children (25 kilograms). 
Since walking up and down steep slopes requires more errergy than walking on flat ground, 
enumerators made estimates of elevation changes over the terrain to the water source for each 
household in order to estimate a correction factor. The food costs per calorie expended were 
based on consumption of a staple food (maize), whkh was assumed to cost US$0.06 per 
kilogram In rural areas of East Africa. A kilogram of maize was assumed to generate 3500 
calories. To estimate the value of these cost savings per cubic meter of water, White, et. al. 
simply divided the monetary value of the calories saved by the amount of water each 
household in the sample collected in a day. 

Using this approach, Whte, et. al. estimated a mean cost savings in their rural study sites of 
US$0.07 per cubk meter of water fetched from traditional sources. The surprising thing about 
these lower bound estimates is that they are so large. The average price of water from a 
private connection to the piped water systems studied by White, et. al. was US$O. 15-20 per 
cubic meter. White, Bradley, and White's estimates of the monetary value of calorie savings 
thus represent a very substantial proportion of the price charged urban households connected 
to an improved piped system (approximately 30-50 percent). White, Bradley, and White's 
estimates thus suggested that the economic benefits of improving rural water supplies are 
probably larger than was commonly assumed at the time. 

5.2 Economic Value of TSme Savings 

It has been widely recognized that one of the benefits of improved water supply systems is the 
time savings individuals (usually women) realize by not having to fetch water from traditional 
sources. However, the notion of "time savings" is often not carefully defined. If a piped water 
system is installed and a household receives a private connection, then it can be assumed that 
the collection time is negligible. In this case, the "time savings" is simply the amount of time 
a househ&j -& . U .  b --..-..-A ..... -- 

n-m, n t& irtrpt-ttt -stir; 

is a handpump or public tap, households must stiU spend time fetching water. Here the correct 
definition of "time savings" is the difference in time spent collecting the orfglnal quanttty of 
water. Because the new system usually results in a reduction in the time required to collect a 



Ilter of water, It 1s expected that households wlll to some extent 1ncrea.w the amount of wlrter 
they collect. It b even conceivable that In saw caws the total tlme spent colledlng water 
would lrrcrease after the installation of an lmproved system because the total quantlty of water 
collected would Increase so slgnkfkantly. Thb does not mean that there arc3 no tlme savings 
on the origlnal quantity of water collected (or that there are no economk beneftts associated 
wlth thne savlngs from the Improved water system). 

It is often assumed that time savings have "economk value" only If women use them to 
undertake wage labor or "cconomkally productive work," such as agricultural labor. Thb is, 
however, a misunderstanding of the economlst's definition of "economk value." The tlme 
savlngs have economk value to the extent that households are willing to pay for 
them-whatever the reason. In other words, if households are willing to pay to save tlme, 
what they do with the time saved b of no concern Insofar as the economist is Interested In the 
economlc benefits of the lmproved water sys4ern. 

There Is only one published study that attempts to estimate the economic value of the tfme 
households spend collecting water. In a study conducted in Ukunda, Kenya, in 1986, 
Whlfflngton, Mu, and Roche (1990; examined the water source choke behavior of 69 
households. None of these households had a private water connection or yard tap, but all had 
the optlon of using three different water sources available h the village. First, they could pay 
distributing vendors (who haul water in hand-pushed carts) to deliver water to their door for 
a price of US$O.10 per 20-liter container. Second, they could walk to kiosks and pay 
US$O.Ol to fill a 20-liter container. Third, they could obtain water for free from open wells, 
where they spent additional time lifting water with a tin tied to a rope. Because the distributing 
vendors Wed their containers at kiosks, there was no appreciable difference in the quality of 
water available from distributing vendors and kiosks (the quality of water from the open wells 
was, however, perceived to be lower than that from kiosks and vendors). Households thus 
faced a rather clear choke between spending mortey or time. 

Data were collected for each household on the time necessary to collect water from the nearest 
kiosk and open well, the amount of water obtained, and the water source each household 
actually chose. Since some households chose one source and some chose others, and since 
the time and money costs of each source were known for each household, the authors were 
able to derive an upper or lower bound (and sometimes both) on the value each household 
assigned to the time devoted to collecting water. In effect, the households revealed some 
information about the value of time spent collecting water by the water-source choice they 
made. The authors also estimated a multivariate statistkal model of households' water-source 
choices, from whkh they were able to derive an estimate of the value households assigned to 
time savings. 

The results of the analysis indkated that on average households assigned a value to the time 
they spent colle-g y&r appnxirnd: o _ q d  b tba ww iak ~ C T  t;;.&d I k  
(US$0.25 per how). Households buying water from distributing vendors had an implicit value 
of time of drnost double the market wage rate for unskilled labor. Because Ukunda is a small 
market town near major tourist activities and thus has significant opportunities for wage 



employment, one should not attempt to generalize the= resultn to other rural agrlc~ltural areas 
wYh less wage employment. Nevertheless, the only exlstlng study of the economk vi~lue of 
time spent fetching water found a surpdslngly high value. In villages or communities where the 
valus of time spent hauling water. Is close to the market wage rate, plped water dlstrlbutlon 
system are likely to be an economically attractive senrlce level. 

5.3 Monetary Estimates of Cost Savings: Evidence 
from Water-Vending Studies 

If a household buys water from a vendor before the installation of an Improved water system 
and then switches to the new system, the money It no long,er pays to water vendors represents 
a (gross) cost savings. This resource savings is concephually equivalent to calorie or time 
savings, and should be treated as part of the economk beneftts from the Improved water 
system. Over the last few years a series of studies have been carded out on water-vending 
activitles In both urban and rural areas in developing countries (Whittlngton, Lauda, Okun, 
and Mu, 1988; Whittington, Okorafor, Okore, and McPhail, 1990; Whlttington, Lauda, and 
Mu, 1991; Lovei and Whittington, 1992; Cairncross and Kinnearb [not dated]; Fass, 1988; 
Katko, 1991). The findings from these studies provide a number of new insights into the 
magnitude of the cost savings (and economic beneftts) obtained from improved water supplies. 
The recent research on water vending in developing countries indicates that there are many 
types of formal and informal water-vending systems in existence and that these activities are 
much more widespread than has been commonly believed. Table 3 summarizes the extent of 
water vending activities in selected urban and rural locations in Africa, Latin America, and 
Asia. Complex water-vending systems are difficult to describe with such summary statistics, but 
the studies confirm that in numerous urban settings the majority of households are purchasing 
at least some of their water from the water-vending system. In many other locations in both 
urban and rural areas, a substantial minority of households are purchasing water from vendors. 
This may mean that they have water delivered by distrfbuting vendors (i.e., those carrying 
water to the household by cart, hand, or tanker truck) or that they walk to kiosks or to 
neighbors where they purchase water by the bucket. (Because some of the studies on which 
the data in Table 3 are based were not conducted throughout the entire urban area listed in 
the table, the prevalence of water vending may refer only to a particular part of the city.) 

The prkes households pay for water from vendors are uniformly high, both because 
transporting water by hand, truck, or cart to an individual's residence is expensive everywhere, 
and because water-vending arrangements provide many opportunities for monopoly pricing 
and rent-seeking behavior (Lovei and Whimngton, 1992). As shown in Table 4, the price of 
water charged by dmbuting vendors is often on the order of US$6.00 per cubic meter. Thb 
is extremely expensive. For purposes of comparison, water utilities in developing countries 
typically charge households with private connections on the order of US$O. 10-0.50 per cubic 
meter (Whittiragton, Boland, and McPhail, 1991). The prices charged by tanker-truck vendors 
tend to be lower than prices charged by distributing vendors (although they are still quite high 
compared to water sold by utilities to households with private connections). However, 



household3 must us~lally buy larger quantities: tanker trucks typically flll 55-gallon dnlrns or 
larger storage contalners. 

As a rerrult of high prices and the widespread use of water vendors, many households In 
developlrlg countries are spendhg more than US$5 per month for vended water. As shown 
In Table 4, In the studles reviewed, households In numerous locatlow were spendlng 
US$10-20 per month on water purchased from vendors. Such expendttures on water 
constitute a much higher percentage of household Income than Is commonly believed to be 
feasible. In marly places, tt is not unusual for many households to spend 10 percent or more 
of their income on vended water (Table 4). 

These studies show that households throughout the world are Incurring great financial sacrifices 
to purchase water from vendors. The studies provide convincing evidence that in many 
situations households' wPlngness to pay for water is very high. In sttr~atlons where water 
vending Is common, the economic beneftts of improved water supplies are thus Illcely to be 
larger than b typically assumed. It b important, however, to emphasize again that a 
household's current expenditures to water vendors are not an appropriate measure of the total 
economic beneftts the household is likely to derive from a private water connection; In fact 
they are an underestfmate of the economic benefits to the household. 

This estimate of a lower bound on the economic benefits to households purchasing from 
vendors is more valuable than it might first appear because, as noted, in many places, 
households in developing countries are h fad purchasing from water vendors and because the 
cost savings are often very large (prices of vended water are high and households often buy 
substantial quantities of water from vendors). For project-appraisal purposes, if this lower 
bound estimate of the economic benefits (aggregated over aU the affected households) is 
greater than the cost of the water-supply improvement, the water-resources planner can be 
confident that the project is economically justifled (Whmington and Swama, 1992). 

It is important to note that this lower bound estimate of the economic beneffts to a household 
purchasing from vendors &s based on the assumption that there is no difference between water 
supplied by vendors and water purchased from a water utility. In fact, important differences 
in quality, reliability, and payment arrangements can make piped water not as close a 
substitute for vended water as it might first appear (World Bank Water Demand Research 
Team, forthcoming, 1993; Whittington, Lauria, and Mu, 191). One of the most important 
differences concerns the payment arrangements. Purchasing water from vendors typically 
enables a household to maintain much greater control over its cash-flow situation than is 
possible with a private connection. Obtaining a private connection usually brings with it the 
obligation to pay a minimum monthly fee throughout the year, whereas a household is free 
to stop purchasing from private water vendors whenever it wishes. This flexibilibj over cash 
flow provided by water vendors can be a significant economic advantage to a household in 
a poor economy where there is 1 M e 4  acemu t~ a ~ E u  (F:*PQ, 19). ,Ah, w&e: V~PBGFS riiaji 
be more =liable than the water service provided by a utility. The implication of such 



Table 3 

Socioeconomic Environment of Study Aroas and 
Extont of Water-Vending Activities 

Country Aro~/Cit y 

% of HHS Urban 
Usin0 Poprllation of vs. 

Vendors Study Areas Rural 

WATER VENDING ACTIVITIES ARE. . . . 
EXTENSIVE 

Africa 
Nigeria Onitsha 

Nsukka District 
Sudan Khartoum 

S. Americalcaribbean 
Haiti Port-au-Prince 
Honduras Tegucigalpa 
Guatemala Tierra Nueva 

MODERATE 
Africa 

Uganda Kasangati 25% 2,500 R 
Tanzania Newala 25% 39,000 R 
Ghana Kumasi 32% 6C0,OOO U 

rural areas na 1,000-2,000 R 
Kenya Ukunda 45% 5,000 R 

Asia 
Indonesia Jakarta (northern) 32% 7,900,000 U 

FEW (OR NONE) 
Asia 

Pakistan Sheikhupura 
Faisalbad 
Rawalpindi 

India with improved 
water source 

no improved 
water source 

S. Americalcaribbean 
Haiti Laurent 

Squatter settlement 

28 



Table 3 contli~uod 

- - % of Ad& - 
- Annual lndox of Wotsr A vera~o llliteroc y Annual HH. 
-: Doscription of Rain fa// Water Consumption Yoors of National income in US$ 
A 

I Study Area (mm/yr.) Situation * *  ( I/c/d) Education A verogo ( Yr. Studied) 

- 

- - - market town 2000 4 40 6 65 % 1600 (1 987) - 
- 

-, agricultural 2000 1 7 3 65% 1000 (1 $89) 
squatter area 200 1 24 na 50% 1400 (1987) 

- 

- - - capital city 1400 2 11 3 63 % 420 ( I  976) - - sqt.*/city edge 850 1 17-22 na 40 % 2800 (1 986) 

-- sqt.'/city edge 1300 0 33-45 na 45 % 1 500 (1 988) 

agricultural 1000 3 3-22 na 43 % na (1 984) - 
agricultural 900 2 8-1 2 na 41 % 110 (1988) 

market town 1 200 4 na 8 52% 1100 (1989) 
agricultural 2000 na 14-30 4 50% 2400 (1 987) 

small mrk. town 1200 7 20 11 59% 1300 (1 986) 
- 6 - capital city 1 800 6 2 2 n a 26% 1 600 (1 988) 

- - agricultural 920 8 24 8 70% 1 200 (1 988) - agricultural 920 8 32 9 70% 1 000 (1 988) 

- agricultural 920 4 33 8 70 % 800 (1 988) 
agricultural 1 800 8 34 9 57% 1 000 ( 1 988) 

- agricultural 1400 3 na na 63 % 800 (1 986) 

- * *  See Table 5 for an explanation of the water-situation index. 





-ice of Water /US$AW) A verage Ex3 mditrire EXchmge R*3?c' a? 
Country for War&? T i  P f S f d y  

Aredcity Type of Vendors Rainy Season Dry Season A verage IUS$/Mo.l I% income) T 

Ghana 
Kumasi Neighbors $0.7-$! .7 2% US51 .OO= C350 

(1 989) 
Rural areas Tanker Trucks - - $4.40 $5 2%-3% US51 .DO= C250 

11 937) 
Kenya 

Ukunda Distributing V. $4.70 $9.40 - $12 9% US$1.0O=KS16 
Kiasks $0.47 $0.47 - I1 9561 

S.AMERICPJCARIBBEAN 
Haiti 

Port-su Tanker Trucks - - $3.00-6.00 f; 6 10%-20% US$1.00=5 grds 
Prince Distributing V. $1 -70 $6.60 - (1 970j 

Private Kiosk $1.10 $5.50 - 

Honduras 
Tegupigalpa Tarlker Trucks - - $8.30 $14-$21 8%-12% US$1.0~0=LMP2.0 

(1 985) 

Guatemala US$l.010 = QZ2.5 
Tierra Nueva Tanker Trucks - - $2.00 $9 8% i198.8'1 

ASIA 
Indonesia Tanlcer Trucks - - $1.80 $8 6% US51.010=FR1703 

Jakarta Distributing V. - - $1 -50-5.20 ! 1 9 5.3) 



C ~ ~ I ~ I ~ I V  % ~f bttt lJ.qi11a P i ~ ~ f t  Yard rap, l~a / i~ l~ i l i fv  fJrm//fy - - - 
A rca/Citv V l ~ r  or W  t/anr/ Altrpm (Yen - 1, /Ye.? 1 I, 
lUr11arr - U, R~rrsl n HI f iom Nniglrb. (Ynn - 1, No - 0) No - 0; Nu - 0) 

-- 
WATER VENDING ACTIVITIES A f E .  . . . 

EXTENSIVE 

Ni~oria 
Onitoha 
Nairkkr Diatriot 

Haiti 
Port-ou-Prinoe 

Honduras 
Togucigolpo (equat.) : U 70% 0 

Guoternelo 
Tierra Nueva (equat.) :I) 99% 0 0 0 - .. --- - 

MODERATE 

Uganda 
Kasangati 

Tanzania 
Newala 

Ghana 
Kurnaoi 

Kenys 
Ukunda 

Indoneeia 
Jakarta (northern) : U 32% -- 1 0 0 

FEW (OR NONE) 

Pakistan 
Sheikhupura 
Faiealbad 
Rawalpindl 

India 
WIVI iI'flpmV&T W 6 t w  (QUrc6 :R 
no improved water eource : R 0% 

Haiti 
Laurent 



I I IP/J~IJVW~ Walar: /+11~/io - 

f411~lio Taps, 

T~uriiti~rrral Watar 

11rrlax of 
(Jtral, ol Walar 

- t I ~ I I I ~ I J I ~ I ~ ~ M ,  Walh, It~rr~Ia, Avg. li~rra b rrnrl, Walar Sitd~aIi~~f~ 

1 -- /Yarn m 1,  It;.; 1. /Yn.q - 1, / N ~ I  1, /Vna -. 1, / < / ~ r ,  * 1, fnototy -. I, loft tan 
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in 'l'ablc :I, tb ;app:;rrs t t r<~ t  .Ireas where wi~tvlr vending 17 cotnmon ,ire ~h,~ril~t~!ri~;ti~.llly 11rI1,rrr. 
I'l,rcc!3 where no one h buying water from vendors tend to h mr.11. 'l'hc! Ir~:,~tIons with 
rnoclcr,lte levalr, of vcrrtling are often smidet citles or rnarlret tow 9.9. 

One might I~ypothsslav. that the extent of water vending w o ~ ~ l d  1~1cred~: *13 income level% in 
,I comrnr~nity increase (this worrld gcrierally be positively corr~!ldted with the c~xlc!r r t  of 
~rrbanlzcltion). Figure 3 shows the percerlt of hour;eholds using wder venclors vctrsus household 
Income in each of the studles. There appeim to tw little relcltiorrship lxtweerr household 
income and the extent of vending. 

Another factor that might explain the extent of vendlrrg is the current water situation that 
households face. 'The worse the alternalive water sources (in terms of quality, rellabiliw, price, 
and distance from thc household), the morc! likely a household would decide to choose to 
purchase it3 water from a vendor. A crude measure of the availability and cost of other water 
sources might be the average rainfall in a location. Figure 4 presents data on anrlual rainfall 
and the extent of water vending in each of the study areas. There appears to be little 
relationship between the exter~t of vending and annual rainfall. 

We attempted to develop a better, more systematic description of the adequacy of the existing 
water sources in the study areas than a simple measure of annual rainfall. An ordinal index 
was d e v k d  based on both objective and subjective judgments of the fobowing factors: 

(1)  whether a piped water system was available to houriholds in the community, and its 
reliability and quality; 

(2) whether public Raps were available to households in the community, and their reliability and 
quality; and 

(3) whether traditional water sources were available to households in the community, and their 
reliabiltty and quality. 

Measures for each of these factors were summed to obtain a cumulative score for each 
community; these cumulative scores are presented In the last column in Table 5. A high value 
of the index indkates that the water situation without the vendors is relatively good; a low 
score indkates that the alternative water sources available to householdv are poor In several 
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Figure 5 plats Ihe infonndion on the c!xtc!nt of w,lter vending and the scorc! on thls w~zter 
index for each ot the comrnur~ities. In thk case there L3 i1 ~ l e i ~ r  relationship: wder vendlr~g Is 
rnost common In communltles where households have few good ;~ltemative w~rter riotrrces 
(i.e., low scores on the water index). Also, by examining some of the "outller~" in Flgure 5 
(i.e., observations that do not fall on the estimated curve line), the effect of income now 
appears to come into a little clearer focus. Based on their score an the water index, vending 
should be more prevalent in places like Newala, Tanzania; Laurent, Haiti; and Rawalplndl, 
Pakistan. However, these are three of the poorest communities (areas) in the sample, and, 
even though their scores on the water Index are low, their low incomes appear to reduce the 
extent of vending activities. The higher income locations with poor water index scores all show 
very high levels of vending (e.g., Tierra Nueva, Guatemala; Tegucigalpa, Honduras). 

There are three other notable outliers in Figure 5: Ukunda, Kenya; Jakarta, Indonesia; and 
Onitsha, Nigeria. The study in Jakada was conducted in the northern part of the city where 
saltwater intrusion has become a major constraint on the use of water from private shallow 
wells. Our index probably did not give suffldent weight to the importance of the poor quality 
of water from sources other than vendors. An improved index would hatre shifted Jakarta to 
the right, back toward the estimated relationship. 

As previously noted, Ukunda, Kenya, is near the international resorts south of Mombasa, and 
there are many opportunities for individuals to work for market wages. The opportunity cost 
of time spent collecting water is thus high, and the available income data probably do not 
adequately reflect this. The study of water vending in Onitsha, Nigeria, was carried out 
throughout the city, and it is dtfficult for the water index to depict the water situation in 
different neighborhoods. In some places the water situation was much worse than a score of 
"4" on the water index would suggest. 

Obviously these interpretations are very subjective. We believe, however, that future, more 
rigorous cross-sectional analyses will show that the extent of water vending in a community 
is largely determined by the characteristics of the alternative water sources available, and, 
secondarily, by house hold income. 

5.4 Concluding Remarks 

The findings from the studies of all three types of cost savings indicate that the magnitude of 
the resource savings from improved water systems is likely to be large. The findings from our 
review of water-vending studies suggest that the economic benefits of water-supply 
improvements are virtually certain to be high in locations where water vending is extensive, 
and water vending is likely to be extensive in parts of urban areas where alternative supplies 
are not readily available. Simply put, thb means economic benefits are likely to be highest in 
squatter settlements and other new communities on the periphery of rapidly growing cities in 

ew*. 
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'l'he findings from wilter-vending !itlrdlen rcllse c~nothc!r Lnr~port~~rtt rlc~trstiorr for w,ltc!r rcrejocrrceg 
plannen. 'I'he absence of water-vendlng actlvltles In communlHe.s thought to be ~~rrttlidaterr for 
Improved water supplies should give water-resource pllrr~ners pause. If the I~enefit- of 
improved water xrvker, arc great, why hasn't the prlvate cector found thb market? In 
cornrnunttles where water vending does not exlst at pre.sent, It will often prove useful to 
estimate what the prke of vended water would have to be for water vending to be a vlable 
commercial entarprtse. (Thb b typlcally simple to calculate because the majority of the costs 
for vended water are for transport-elther labor for manual water hauling or labor, fuel, and 
capital for tanker trucks.) If water vendors do not cxlst in such communities, it Is probably 
because households are not willing to pay thls price for vended water. 

An estlmate of the prlce of vended water can thus serve as an upper bound on the value of 
water to households. If the costs of providing an improved water supply are greater than the 
value of water supplied (calculated using this upper bound), then the project cannot be 
economically justtfied. 



ESTIMATES OF ECONOMIC BENEFllTS 
BASED ON ACTUAL BEHAVIOR 

Cost savings available from the provblon of a new water supply system arc only one 
component of the potentlal economk benefits. lndlviduals may also derive consumer surplus 
on any increased consumptlon that results from the new water system. In order to estimate 
the consumer surplus assodated with the provision of most goods and services, economists 
have tradttionally preferred to use information on individuals' (or households') actual behavior, 
and then, based on consumer demand theory, infer what people's maximum willingness to 
pay for the good or service must be given "reasonable" assumptions about underlying utility 
functions. 

Numerous such approaches have been developed for estimating benefits. The most corrimon 
is to estimate a dernand function for the good or ser*ke from market data, and then use thb 
information to derive individuals' maximum wiliingp?fzss to pay for different amounts of the 
good. Other benefit estimation approaches include hedonic property value, travel cost, and 
random utility models. However, very little careful empirical work has been done in developing 
countries using any of these techniques for estimating the economic benefits of improved water 
supplies. This chapter reviews several of the existing studies. 

6.1 Traditional Water-Demand Madets 

6.1.1 AnBverview 

In the simplest case, a demand function of the following form might be estimated: 

Qw f (Pw, Po, Y, SEI (6.1) 

where Qw = quantfty of water demanded by a household per day (liters per capita per 
day) 

P, = price (or shadow price) of water ($ per liter) 

Po = piices of other related goods and services 

Y householdlncome 

SE other sodoeconomic characteristics of the household. 



'rhb water-demand functlon could Iw! e.;tlm41ted wlth elther cross-sc!ctionlrl or tlme-:;erleri dtrta 
from a sample of houwholds. A cross-sectlonlrl study corresponds to the "untreated control 
group with post-test only" research deslgn dexrlbed in Chapter 2. In thb case, the control 
group conslsts of households that have not experienced an Increase In thelr prlce of water (or 
face lower real costs of water than other households), and econometric methods are used to 
compare thelr water use with that of households that face tllgher prices. A time-series study 
compares the same households befare and after a prlce Increase and corresponds to the 
"pretest/gost-test" research deslgn. Slnce In most cmes any price Increase would apply to all 
households In a given area, It would not usually ba possible to Implement an "untreated 
control group wlth pretest and post-test" design wlthout seledlng a control group outside the 
study area. 

To use thls demand function to estimate economlc benefits, the Inverse demand fundton Is 
derived: 

and the total benefits (including the consumer surplus) of the project B(Qw) are given by: 

B(Qw) - g (Qw, Po, Y ,  SE) d(Qw). 

Surprisingly, there are very few high-quality studies of how households in developing countries 
respond to higher prices of water. This is largely due to data availability problems. A major 
problem is lack of data on the quantity of water households consume. When households are 
not already conneded to a piped water system (as is typically the case in many developing 
countries), primary data collection is required. It is a difficult and expensive undertaking to 
collect accurate information on the quantity of water households consume for different 
purposes and it is seldom done. 

Economists have thus been forced to work with secondary data available from water utilities 
in municipalities with private metered connections. Such data sets are rare and often of 
questionable quality in developing countries. Also, in most urban areas in developing 
countries, households with metered private connections are likely to be members of the 
middle- and upper-income classes; the studies may thus reveal little about the water-demand 
behavior of poorer households. Such water-demand studies are of little relevance in explaining 
how households would respond to changes in the price of water available from sources outside 
the home, such as kiosks. 

Also, it is extremely difficult to find data sets in whkh there are substantial differences in the 
& mr L - w .  TLI- r- , - , ~ l , . l - -  - --hlnm C n r  -nee e n d a n a l  I t t t ~  u a pfttstmat y r n  e w s  o-err-+.-r 

studies because most households connected to a municipal water system normally face the 
same tariff structrm. It is true that households may pay didfeerent average and marginal prices 
for water due to an increasing or decreasing block tariff structure, but in such cases the price 



of water h ent1agenou:;ly deterrnit~ed 'rnd it9 inclusion In the mcxlcl rdsen vcrric!ty of 
cconometrlc problenu. f r ~  time-serles stud1e.s one rnight e x p d  to bc able to observe houset~olrl 
water use before and after a tariff increase, but in many caws it is only norr~inal tarlffg that 
increase. Real prices of water often fall over time due to high rates of inflation and the inability 
of water utllttles to rake prices on a regular basis. In fact, analysts might have more 
opportunities to model the effects of a fall In real wder tarlfds than an Increase. However, in 
many cities in developing countries water prices are already low (typically well below both the 
average and marginal costs of supply). 

Another limitatton of existing water-demand studies in developing countries is that analysts 
have given little thought to the underlying behavioral lmpllcations of different functional forms 
of the demand relationship. The assumption of a linear functional form Implies that the 
absolute value of the prlce elasticity of demand is higher (i.e., demand is more elastic) at low 
levels of water consumption. In other words, if the shadow price of water is high and water 
use is low, a given percentage increase in price results in a greater percentage decrease in the 
quantity of water demanded than at a lower price level. This situation would be true for some 
consumer goods and services. However, it seems unlikely to accurately characterize water-use 
behavior when the shadow price of water (or its real resource cost) is high and household 
water use is low, as is the case in many developing countries. 

For example, when household water use drops to 5-10 liters per capita per day, it is virtually 
impossible for a household to substitute other goods for water. The household needs a 
minimum amount of water to survive, and an increase in the price of water simply cannot 
have much more of an effect on water use (although such price increases can dramatically 
lower real household income). The assumption of a log-linear specification implies that the 
price elasticity of demand is constant at all levels of water use. This seems similarly unrealistic 
when an analyst wishes to model the effects of price changes at low levels of household water 
use. Thus, at the low levels of water use and high real prices existing in many places in 
developing countries, the assumption of a linear or log-linear water-demand function is 
inappropriate. 

To develop a better intuitive understanding of this issue, consider a single household that must 
choose between the quantity of water to use, Q,, and a composite of all other goods, X. The 
household is hypothesized to have a utility function, U(Q,, X), that describes the satisfaction 
(or utility) that the household derives from various combinations of Q, and X. The points on 
each indifference curve in Figure 6 indicate combinations of Q, and X that yield the household 
a constant level of utility. The convex shape of the indifference curves indicates that at low 
levels of water consumption very little substitution is possible between water and other goods. 
In other words, at low levels of consumption the household must maintain its water-use level 
in order to stay on the same indifference cuwe (and thus maintain its existing utility). 



Figure 6 

Income/Substitution Effects: When Water Price is Relatively Low 

Suppose that initially the household is paying a low price for water, P,, represented by the 
absolute value of the slope of the budget line, 9,. At this price, the household uses a large 
amount of water, Q,, and purchases X, of the composite commodity representing all other 
goods. At this low relative price of water (P,) the household is able to achieve a utility level 
Ul. 

Now assume that the relative price of water increases to P,. This is represented in Figure 6 by 
the increase in the absolute value of the slope of the budget line, B2. This higher price causes 
the quantity of water used to fall to Q, and the level of utility that the household can achieve 
falls to U,. (Two points on the traditional water demand curve are given by the [Q,, P,] and 
[Qz, p21.1 

Tbs Fnf&= wn&y & $ t h  k-hnlrl nm ~ r c  fnr ttufi Ioacnnc- Fi&, t h ~  
real income of the household has fallen due to the increase in the relative price of water. Even 
if the household could be compensated for this Pdl in income by giving it back enough income 
to maintain its original utility level (U,) (this compensation is represented by the budget line, 
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lerrns i l f ~ ( I  it rnirlres wns2 for the hocl!x:llold to r;ubnIitl~tu: otlrc!r ~ ~ ( M I G  for w,~ter. 'I'l1e r u c I ~ ~ ( : t l o r ~  
in w.~ler IEC! that wotdld occur if tlw horr~~t~old were cotnpu.nrr,~tetI to rnnir~t,llri its utility ;at 11, 
1.8 terr r~d the "subr;tHutlon effc!ctn i~nc l  1% tlc!pktnd In 1:igurcr 0. 

Sccond, suppow that cornlwcnsation were paid to the I~ou~~hol t l  to tnairit.,ln itq orl!llt~aI utility 
level, and water urre was reduced due to thc substitution effect. Now Irn.~gine thtrt (rfter thiu  
adjustment that the compensation was taken ilwdy (and the rolativc! price of wirter rc!rn,rir~ud 
at P,). I-Io~~sehold water USQ would fall further because now the household would h! poorer. 
'This component of the tiecreasc: in water use is termed the "ir~cornrc effect" , ~ r d  L? also shown 
in Figure 6. 

In this example, the total decrease in the quantity of water used by the household resulting 
from the price Increase Is large because the houscllhold has substantlal opportunities to 
substitute water far other goods (thb fact b reflected in the slope of the utility function contows 
over the relevant range of water use-Q, to Q,). The magnitude of the s~lbstitution effect Lq 

much larger than that of the income effect. 

Now conslder a second case in which the household has the same ~lrrderlying utility function, 
but the initial prke of water (P,) is higher than either of the two prices in Figure 6. The 
household has sufficient income to still achieve utility level U,, but total water use is lower (Q,) 
because of the higher relative price of water. Now suppose that the price of water increases 
even rnore to P4. In thb case, as shown in Figure 7, the total reduction in household water 
use b less and the size of the substr.ution effect is much smaller. Unlike in the first case 
depicted in Figure 6, most of the decrease In water use shown in Figure 7 b due to the 
income effect, not the substitution effect. 

The fundamental underlying problem with the attempt to find a fi~nctional fo,m for the 
traditional water-demand model (that adequately reflects the possibilities for silbstitution 
between water of different qualities, and between water and other goods at difftrrent price 
levels) is that the household's choice set is considerably more complex than a continuous 
single-equation demand model Implies. As the price of water changes, the individual 
household may change both water sources and water uses (Whittington and Swania, 1992). 
This means that a single-equation water-demand model is likely to be kinked or discontinuous 
at the point where a household shifts to a new water source and/or a new water use. 

Just as one example, suppose a household has a private metered connection, and the price 
of water is very low. Because water is cheap and land is available, the household decides to 
inigate a two-acre garden plot. If the price of water were to rise, the household would use 
water more sparingly, but as the price rose further, at some point the household might decide 
not to irrigate at all and just give up the attempt to garden. At thb price household water use 
might fall dramatically. The household's water-demand function would be discontinuous at this 
price. mher households might not choose to inigate a large garden at any price of water. 



Income/Substitution Effects: When Water Price is Relatively High 

Similarly, the available empirical evidence suggests that household water use increases 
dramatically as soon as a water tap is brought into a house or courtyard. This is in part 
because the red cost of collecting water is typically reduced w h ~ n  a private water connection 
k obtained, but it is also because additional water uses (such as washing machines and 
showers) becorra technologically feasible. 

6.1.2 An Urbam Water Demand Model: A Global Cross-Sectional Siudy 

Perhaps tho t'ht attempt to estimate a water-demand fundion for households in developing 
countries was a study by Meroz (1968) for the World Bank. Working with secondary data from 
the Wes of the World Bank, Meroz attempted to explain the variations in average household 
1-r 1 s  in s- &!es tn A&hT and 1 aHn America as a function of the averae  "price" 
of water, average household income, and the weather characteristics of the city. The basic 
assumption underlying such a cross-sectional analysis is that city-wide averages can 
characterize a "representative" household, and that the preferences and tastes of households 
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(rninc~s c!r;ti~nirtc!~ of Indlr.strial w,rtc!r IIS.,~?: i l r~ t l  w;lter u.u! hy hoirxl~oltlr, frorr~ pl~\)lir: t,~lrs) Oy the 
rrllmtwr of p!opla nerved by ir~dividllal corlrrc?ction.s. Making :;r~ch ,*rl cr~illrr~.ltc! ~ili;r:? tllltrlvroIl:i 
problc~z3: 

(1)  I,c!akage of wa~er in dl5tribrrtion !;ystenu Lq tlhjh in citie; irr cJevc!lopin!l colrrrtric!s, 'io t l l , l t  

~~rotluctlon can & rnuch tllghev than actual hou-whold w,~tcr uw. 

(2) E.,tirn;lte..; of the number of p!ople using public taps and thdr water use ,1r4! not bc~*ie<l orr 
empirical evidence. 

(3) In most citles, the number of people served by corrnectians is not known becarlsc! people 
without connections often obtain water from t~ouseholds with them. 

Calculating water use in this fashion, Meroz found i l  wide variation in avc!r;l!14r p e r  capita water 
use in the cities in his sample (with an average of about 160 litets per capita per day). 

Data o:i household income were not available for cities in the sample, so Meroz uwd national 
per capita GDP (gross domestic produd) estimates. The independent variable for "price of 
waterw presented even more serious problem. In many cities, water utilities charge households 
a flat rate per month irrespective of the quantity of water consumed; in such cases, the 
marginal price of water to the household is zero. In some cities, a portion of the connected 
households have meters and are charged on a per unit of water basis, and other connected 
households pay based on a flat rate tariff structure. Int~lrmation on number of households 
facing various tariff structures was not available, and Meroz simply used the "average revenue 
per unit of water soldn as a measure of the price of water in each of the urban areas in his 
sample. 

Meroz tried various functional forms and model specifications; in general the results were quite 
robust. The following results of a log-linear water demand model with price and income as 
explanatory variables are illustrative: 

where! the! pllrnbrn in nrranthmcaa =----- =+a t-e+>+te+bc TL- =- c- -2,- -I-J~^~L. - i ~  J---- .r 
F-==-===Y-- 

from this model io -0.43; the income elasticity is +0.41. (These estimates mean that a 1. 
percent increase in the price of water would result in a 0.43 ,percent decrease in the quantity 
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li,rvct supportetl such 1111 c!xercise. 

6.1.3 Water Demand on Penangl laland, Malaysia 

Or~c? of the most widely cited p a p s  on hour;ehold water tlern~rid i r ~  tlevc!lopirig coc~ntries 19 
Katzlnan's (1977) study of t~ousczholds or1 Pendrlcj Island, Midaysid. Kcltzrrrarr an,rlyrc!d two 
different data sets. In a cross.~ctional study of 1400 households, Katzmnn exlrrnirled the effect 
of income on water use (there was no spatial variation in the price of water, so it was not 
possible in thls part of the study to assess the prlce elasticity of demand for water). Flouseholds 
in this data set were located in both urban and rurc~l areas; all had metered connections to a 
piped water system. Urban residents consumed about 20 percent more water than nlral 
households at all income levels. Water use by even the poorest households in the sample 
averaged 150-175 liters per capita per day. High-income households used about 50 percent 
more. However, Katzman found that, within a broad range of household income (up to 
US$3200 per year), income had almost no effect on water consumption. In other words, 
households with annual incomes of US$500 and US$3000 used essentially the same amount 
of water. 

These results are perhaps not surprising when one considers that the marginal price of water 
charged households was very low-on the order of US$0.05-0.10 per cubic meter in 1972 
(depending on the particular block of the increasing block rate structure into which a 
household's total water use fell). At such low water prices, the water tariff does not serve to 
deter water use even for low-incame households. Upper-income households probably use 
more water due to ownership of multiple taps in a house and water-intensive appliances such 
as washing machines. Based on a simplistic procedure, Katzman estimated income elasticities 
of 0 when moving from very poor to poor householdls; 0.24-0.30 from poor to middle income 
households, and 0.32-39 from middie-income to upper-income households. 

In the second part of his study, Katzman studied the effect of a tariff increase on water 
cnnsurnption. In May 1973, the water tariff was increased in Penang Island by 20 percent in 
me ~owerbhxk, and percefn in €he uppet bk-&. He @kcfed a subset of I64 households 
in four neighborhoods and obtained some data on their monthly water consumption over the 
period May 1970-November 1975. Data on household income and other socioeconomic 
characteristics were not available over the time period, so Katman divided the sample into 



f4i11r gro111)q 111 ortlcr t o  ( ; o t ~ t  rol for ir~(.or~le (rich ~ ~ r h a r ~ ~  poor ~ i r l j , ~ r ~ ~  ~ I O ~ I ~ I ~ ~ ) I I ~ ~ ,  1)oor $1 4r;d). 
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l .lna;rr w;rtrar ~Parnirr~rl f ~ ~ ~ ~ c : t i o ~ ~ n  were ctnIirvli~tc~rl ~;c?pr~~;>ttv!ly for r-:,Ir:h of thew rrirtc? grrlllr)g of 
I ~ o ~ r w I ~ d r l ~ .  Kilt~milr~ ,rticrr~ptctl to c:.~ptt~m tt~c!  effect of tEia prlr:~! irlc;r.c,~w 11y l~c.in(q ,I rltrrrrn~y 
v,rrlal,la to indkntcs whctther tho nlonthly hatr4iold wi1tu.r com~rnq)tio~i rn:c~txrc:fl \#!fore or 
,~f tn r  thc ~srfce irlcxcr,~?~. 'l'hc: coefflclent on tl11.r dunlrny variable for prlce \Mils nrofgf~tlvu, as 
c!xlw(:tec.l. In !;uvc!r, of the nine rc!~resslan.c;, but was ~tdtktkally r;lgnlfk,rnt In only t w o  of [hem. 
Morc:ovc!r, the rl~agnittlde of tllesrr ctgffkbnts Ls generally quite s;rr~illl, intlic;rtin!g that ,111~ rlffect 

of price oui wilttar lu:;c.---even if it exisk A--was negligible. 

I)c?-,pite the fact that hi3 prrametsr o:itimate3 fqr the price dummy were gencr,~lly not 
~t.~tlr;tlcally siqntflcant, Katzman used therrl to estirnlts: price elir~tkttie~ for the nine f1roup.l of 

houwl~oldri. These prke elastlciHes are generally very low-on the order of 0.1 to 4.2 
--,qain irldiclrting that the price had little effed on rgater use. 

Kafzman's price elastkity study can at best be summarized as rudimentary, and the reliability 
of the results should be viewed with considerable skepticism. The effed of the dummy variable 
for price was statistically insignificant In the majority of the regressions. Household income data 
were not available. The prices faced by households were very Ir, . even after the tariff increase, 
and there is no indication !hat the water tariffs in the different periods were adjusted for 
indation. Tke econometric results presentecl in the paper suggest problems with autoconrelation 
in the data set thai do not appear to have been addressed. Katzman did not use his demand 
relationships to derive estimates of households' economic beneffts from piped water supply. 

6.1.4 Water Demand in Nairobi, Kenya 

In a 1977 study for h e  World Bank, Hubbell conducted an analysis of household demand for 
water in Nairobi, Kenya. Data were obtained from the municipal water utility on household 
water use from July to September (the dry season) 1974 and from July to September 1975 
for 230 households from 11 neighborhode. As in Katzman's study, all the sample households 
had private metered water connections. For each household, data were also obtained on i& 
ethnic group, the site value of the property, the site area, and tariffs for water and sewers (not 
all households were connected to a sewer line). Average household size and income were 
collected for each of the 11, neighborhoods. 

The water and sewer tariffs In Nairobl were increased in 1975. In nominal terms, prices for 
sewered consumers went up about 23 percent; for nonsewered about 19 percent. However, 
in real terms, this amounted to approximately 9 and 13 percent, respectively. In 1974, the 
marginal water charge for nonsewered consumers was about US$0.25 per cubic meter. 

&cause household-specific income data were not available, MubbeU aggregated the price and 
quantity information of householQs in each neighborhood to create a neighborhood average. 
Twenty-three such neighborhood averages were created, and these served as the data for the 



'I'hb rnmlel explains variations In ,average houwhold water 1r.t surprhingly wtrll for such sr 
rlmtlll .~,arnple. The r!stimstetl prku. incornvl el,1stkitla9 (-.'I8 ~ r ~ d  0.:36, rc!-,pctlvc!ly) dppear 

, . reasonable and are slrnllar to resrrlb reported from industrialized countrk!s. ll here ,Ire, 
howevcrr, some peculiar ,apecta of the data set. Average houwhold wder usc! in rnost 
nelcjht~orhowls Is 150-200 liters per capita p e r  day. 'She only neighborhoods with lower wder 
u~ (about 50 ltters per capita per day) are a few low-Income neighborhoods with sewers. 

There are no low-income neighborhoods In the sample without sewem. 

Hubbell's results struuld be vlewad as prellrninay evidence of the price and Income elastlcitles 
of demand for water by households with private metered connedlons in a large urban area. 
'I'hey have little appllcilbllity to situations where households are collecting water from sources 
outside the home. In some respects the sample households In Nairobi were probably more 
similar to households in lndustriallzed countries than to many poor households in developing 
countries. Hubbell made no attempt to use the estimated log-linear water-demand function to 
estimate economk beneftts assodated with the introduction of a piped water system in another 
location. 

6.1.5 Water Demand in Ukunda, Kenya 

Mu, Whmington, and B k o e  (1990) conducted the only published study identified in the 
literature that attempts to estimate the price and income elasticities of demand for water by 
households collecting water from sources outside the home. They used the same data set of 
69 households in Ukunda, Kznya, described in the previous chapter. 

Mu, Whtmngton, and Briscoe hypothesized that the quantity of water carried home per capita 
per day would be a function of seven independent variables: 

(1) total time the household spends collecting water; 

(2) respondent's perception of the taste of water from the chosen source; 

(3) total annual household income; 

(4) educational level of household members; 

(5) number of adult women in the household as a proportion of total household s!:e; 

(6) a dummy variable indicating whether the household purchases its water from a vendor; 
and 

(7) a dummy variable indicating whether the household purchases its water from a kiosk. 



A prlcc? v,rrlal~lu ir riot lulcll~rlutl In tihe tnc~tlul tlirvctly I)c!r,ll~.;c? c?,iclh I~otr*;crholtl th,.rt c:hooq;c!? ,r 
*,prctl[ic tylx! of water zourct,: ( c . ! ~ . ,  well, Itloqk, vc!ndc,r) f,icee; tl~c: r , . r r w  rnorley pricc!. I lowsvtrr, 
thee sh,rdow price of w,rter to the ho~a*ic..hold Fr; rc!flccted In t h r w  of thc!w Iritlr*perlrli!nt v,~rl,ll~lt!s. 
It w'lis c!xpc!cted that hotr:iel~oltls wit11 I~i!ghur cc~llectlon tlmcri for their cllosr~r~ w,lter nource 
wocrld u.w [em water per capita kcause the real rr!*iol~rcc: costs to the hou.~!llold wotrld be 
higher. Colledlon tlme measures the opportunity coq.t to the hou:xhold , ~ r ~ d  varie:; across 
houwholds in the slrmple. Also, hcau!;e ventlorri chcrrge higher prices than Irioriks, Jnd there 
Is no charge for water from wells, tha dummy variables for type of source may captlrre a price 
offed. I-lowever, there are other differences hetween types of water sources besides prlcc, dnd 
these tlifferences cannot be dlstinguishecl by thew source-specific dummy variables. 

Mu, Whtttlngton, and Rrlscoe estimdted thb trarlitionlrl water demand model for four different 
functional form using ordinary least squares. The only explanatory v~riable that was 
statistically significant in any of the four fundlonal forms was the proportion of women in the 
household. The price and inconw variables have the expected signs in all four of the fundtonal 
forms, but are not statistically significant in any of the model estimations. (Thls may be due 
to the small sample size.) The estimated "time-price" and Income elasticities are very low 
(-0.16 and 0.07, respectively). Overall, these rcsults are only weakly consistent with an 
economic interpretation of water-tle~nand behavior. 

In summary, these four studies that attempted to estimate traditional water demand function 
do not provide analytical models that can serve as a basis for estimating the econo nic benefits 
of improved water supplies. 

6.2 The Hedonlc Property Value Approach 

The hedonk property value (HPV) model offers an alternative to the traditional water-demand 
model as a means for eJctimating the economic benefits to households of an improved water 
system. The HPV model is based on the belief that households reveal their preferences for 
improved water systems in the prices that they pay for housing - either in the rent or in the 
purchase price of their house. Because access to water source can be part of a bundle of 
characteristics associated with a particular housing option, ind.ividuals who value improved 
wates sources will be willing to pay more for a house with a "good" water source than for a 
house with a "bad" water source. This increased demand should be reflected in the market 
prices for housing in locations where houses have different water sources. 

It is generally relatively easy to explain housing and rental values If there is an active, 
competitive housing market. Two groups of independent variables are typically used to explain 
variations in housing prices (I.e., to estimate the hedonk price function): 

(1) variables that describe the characteristics of the housing unit itself (e.g., number of rooms, 
size of the lot, etc.) and 



(2) v,~ri;lble$ tllilt tlexritw the  characteristic^ of thrr 11eI!jhborl1c~cH1 In wllich tliu hol~x! 1.9 
lociltc!d. (Wlqtance frnrn pc~blk facllitlerr, p;~vc!d roitdfj, ql~,~lity of !;chool!r, erlvlronrnet~tlII qtr.llity, 
tlkitilr~ce to the centrill I)ll~~itlerrs dlstrkt, etc.) 

Data on hounlng characterbtks 'Ire avaIIi~ble from m.my exhtlng horrcdhold ciurveys; data on 
nu,igl~borhood charaderlrtlics ,Ire often not as rc!ddlly Ijv~ilal)lc?. 

A variation in the HPV approach is to ask respondents who are living In hou-ses without water 
servicest how much they think their house would be worth if It did haue these serulces. 
Although thb b a hypothetkal question, households irre often Ilkely to have a relatively 
accurate idea of the rental (or purchase price) prernk~m associated with improved water 
services. However, if thh approach 19 used In squatter settlements, it runs the risk of measuring 
not simply the benefits of water services, but also the benefits of Increased tenure security. 'Thls 
Is YO because land wcurtty ls often increased when households pay utillty bills. 

tlouseholds' willingness to pay for improved water services 19 occasionally estimated in studies 
of the determlnants of housing prices in developing countries (e.y., Follain and Jlmenez, 
1985). However, only one siudy has been identified that specifically focused on the use of 
tIPV rnodels for estimating the economic benefits of improved water systems (North and 
Griffln, forthcoming 1993). 

North and Griffin used the HPV model approach to study households' willingness to pay for 
water in the Bicol region of the Philippines, one of the poorest regions of the country. Data 
for the analysis come from a 1978 survey of 1903 households. Most sarrlple house:lolds used 
one of the following five class&fkaMons of water sources: a private connection in their house 
(5 percent), water pumped into house or yard from a deep well. (30 percent); public tap (24 
pelcent); open well (15 percent); or unimproved surface water source (e.g., lake, river, spring) 
(15 percent). Private connections in houses and water pumped into houses or yards from a 
deep well were considered the most desirable water sources. 

About 90 percent of the sample households owned their own homes, and only one quarter 
of the remaining 10 percent reported paying any rent. North and Griffin thus dropped renters 
from the sample. The head of each household was asked to estimate the value of the 
dwelling, not including any valuation of the land surrounding the residence. North and Griffin 
assumed that imputed monthly rent was equal to 1 percent of the estimated property value. 

Variables used to explain variations in imputed monthly rent included the type of water source, 
quality of construction materials of the house, number of bedrooms, size of the housing unit, 
and location. Two dummy variables were used to describe whether or not a household had 
piped water in the house or a deep well with water pumped into the house or yard. The third 
water-source charade* included in the HPV model was the distance from the house to the 
water source. Twenty-two percent of the sample households were more than 75 meters from 
their principal water source. Data on the distance of the house to the nearest town were also 
included and were exweed ta b9. nemv& relatot4 b ~ E D I  v h .  



North ,~ntl Cirlffln trwd two different estirn~llon procedurc!s to <Ic!rlve c!:;tlm,~tc!r, of i~otlsctlloltld 
wlllin~t~esr; to pay for lrnprovetl water ~ ~ ~ 1 r c e 3 ;  both yielded gu.ner,rlly consigtent reslrltn.. 'l'hc! 
Iledorik pric~ hlnction (for one of tlw two prcxedrlres) explained almost 00 r~rcc!nt of the 
vdriiltlon In rents. Flve of xven ir~depndent vilriables were stnti~tlc,~lly nlgtlificant m d  ,111 had 
the expected sign. 

LJpper-income householdtl were estimated to be willing lo  pay about US$2.00 per month for 
a connedlon to a piped water system In 1978 prices; mlddla-income households lJS$2.25 per 
month; and low-Income households US.9;1.40 per month. For each income group thb was 
approximately equal to one half their average imputed rent. As a percentage of household 
Income, however, these estimates of household willlngnem to pay are quite low (e.g., on the 
order of 1 to 2 percent of monthly household income for the middle-income group). It !ihould 
be recalled, however, that this estimate Is just for access to a private connection; the 
household would still presurnably be willing to pay the required monthly tariff. 

North and Griffin found that upper- and middle-income groups were willhg to pay about one 
third less for water from a deep well pumped into their home or yard. On the other hand, 
households were willing to pay almost nothing to bring public taps closer to their home. Thew 
latter results are consistent with those reported by Dworkin (1380) for Thailand, and with the 
finding of White, Bradley, and White from East Africa (reported in Chapter 4) that household 
water use does not decrease much as distance from the house to the water source increases 
(up to approxirnately 1 to 2 miles). One important implication is that there are common 
situations in which the economk: benefits of providing publk taps or handpumps will be 
negligible. 

North and Griffin's analyses show that rhe hedsnk property value approach can provide useful 
estimates of the aggregate willingness to pay for improved water sources based on actual 
market behavior. However, the findings from their particular study are limited by the fact that 
there is no information in the study on the functioning of the housing market in the Bicol 
region. Also, some comrnunitjes in their sample probably did not have piped systems at all, 
and the extent to whkh households would consider leaving their existing community in search 
of improved water sources b unclear. Because no information Ls provided on water tariffs or 
the terms under which housefrolds could have access to private connections, it is difficult to 
fully understand what the estimates of households' willingness to pay really mean. Finally, the 
estimates of economic benefits from the HPV model are only of limited assistance for tariff 
design because they cannot be used to better understand how the quantity of water used by 
households will change as the pike of water changes. 

6.3 Random Utllllty Model Approach 

A third approach to benefit estimation based on households' actual behavior is a random utility 
Th& & w o i d j  &gmSS to hr a hgYoued water 

system from information on the decisions they make as to whether or not to conned to the 
system. 



'I'lrerrt 1.. one puI)lb~hutl 'itll~ly in the? lltc!r.ltl~rc! t h t  ,rttr!mptr; to 1 1 ~  ,I rlrrrtlorn lrtllity r~loclvl to 
c!r,tlrncrte tha c!conomk lwnufits to hotrsuholds In ,I tlc!vc!lnplng cocrntry of using ,rrl irnr)rovr!rl 
wder rryrrtern (Alt.~f, .Jam4al, Llrl, Srnfth, and Whittington, 1001). 'I'hc l ~ n r ~ l y ~ i ~  of Altlrf at al. 
is bn.wd on data ohtnlned from intc!rvisw:, with 378 ho~r~ho lds  in five villdi!p~ in I'l~rrjcrb, 
PllkLitnn. All of the study villages t ~ d  pipd wilter system%, dnd Yome households conncctsd, 
while others did not. hwntlally all ho~rseholds In the study villages ,ilreildy hdd ir private 
handpump In their house or compound. In addltlon, a substantial minority of houwholds had 
also installed electrk motors on their own prlvate wells, permitting water to be pumped into 
Jn overhead tank for dirrtrlbutlon throughout the houw to provide indoor plumbing. In these 
villages, a connectlan to a p~rblk distrlbutlon syst~m was n secondary or even tertiary water 
source and would not be expected to provide the same level of benefits as In places where 
t\onseholds were walking significant distances to called water from outside the home. 

In Altaf ct al.'s discrete choke rncxlel, a household's declsion to conned to a piped water 
system b assumed to depend on the utility obtained from the two possible outcomes: 
connected or not connected. The hausehald's utility is thus assumed to be the maximum value 
of two conditional indirect functions: utility with connection, V,, and utllity without connection, 
v, : 

V = Max [V,, V,] 

The decision to conned typically requires that a household consider three types of costs: a 
one-time connection fee (c), a monthly tartff (t), and any private cost of connecting to the 
distribution line, and installing the assodated indoor plumbing (r). This third cost component 
is related to the distance (d) to the distribution line, and can be speciMed as r(d). 

To illustrate the a?plication of the model, a.ssume that a specific household has an electric 
motor with operating costs (op) and is assessing the economk benefits of connecting to the 
public distribution system. The following two equations describe the indirect utility functions 
for connecting to the public system and not connecting: 

V, = a, - a, (t -I- op) - a, (c + r(d)) + a,Y + a,SE 

where SE here includes socioeconomic characteristics of the household as a proxy for tastes, 
other household-specific costs of obtaining water, and household attitudes about the quality 
of the water and whether the government should provide water free of charge. 

In the random utility model, the analyst assumes that the decision of each household j, cannot 
be known with complete certainty. An error term is thus included with each conditional indirect 
utility function to reflect the unobservable differences in households and their perceptions. The 
random utility model describes the probability of these decisions as: 

Prob (connect) a Prob. (V, - V, > e, -eel (6.9) 

where e, and e, are the errors added to each conditional utility function. Altaf et al. assumed 
that the houszhold's decision to connect to the price system does not affect the marginal utility 



of Incorrre, c~lllch iml11lv:r that ;I, - 11,. 'l'hen, if % b defint?tl to In! r:qrr,~l to V, .-, V,,, % cllrl IN! 
otcprrrnwct In tema of thu viariablen de:~ribln!j the prices and conts of the piped :~yritc!rn , r r ~ d  the 

riocitx!conornk: varinble:~ (ilncl ;~ssumlng al - b,): 

Z Vc - Vm ('.I,, - I),,) -<a -ia2 (C -b r (d)) + ( i ~ ~  - I]:,) SE (L 10) 

Substltutirlg (6.10) fox (6.9, Altaf ct al. defined the probabllitles of the connection decL.;ions 
obwrvcrcl In their ~ Y L - ~ ~ I c  for each household. From these expressions it Lq posslble to derive 
the Ilkslllhad fuvldion for any saunple of  households with connect/not conned decisions. For 
exilmplu, thc! o~qurnptlr~n thra? e ,  - e, follows inclcpc~r~tlent r~ormal distributions with zero 
expcxtatto~l and u~rliil VL\P~UIIC+Q yield% ar problt model. 

Altaf ct al. reported the nesultra of nurxwrous speclfkations for the connection rnodels. Their 
results indicated that all t91rce cornpoitsnb of the costs of connection-tariffs, connection fees, 
and hookup costs----were ~tntfstlcally significant negative influences on connection decisions. 

Altaf et ul. used the estiannl~d rrmitels to derive estimates of households' maximum willingness 
to pay annually for a connection to the piped system, over and above the actual prices (costs) 
of a connection. Thb measure of c~rx~urner's surplus (CS') can be interpreted as the increase 
in the annual water tarfdf that v~ould make a houxhold indtfferent between connecting and not 
connecting to the system. CS* can thus h introduced into (G.7): 

and Altaf et al. solved for the values of CS* that equated V, to V, for each sample 
house hold: 

csw = [(ao-bd -a,t - a2(c + r(d)) + (a, - b,) SEJ / a, 

The mean estimates of the annual value households (in the sweetwater areas of Punjab) place 
on private connections in excess of the tariff and other costs were generally quite 
low-approximately US$4 for households already connected and US$1.50 for households not 
connected. 

These low estimates of households' consumer surplus available from conrlections to piped 
systems should not be attributed to any fundamental limitation of the method. They are 
consistent with the facts that (1) the alternative water sources available to households in Punjab 
were in most cases already quite good, (2) the tariff, connection fee, and other costs of 
connection were substantial, and (3) the reliability of existing publk systems was low. In these 
circumstances one would not expect the consumer surplus from having a piped connection 
to be large. 

The findings of Altaf et al. indkate that the random-utility approach can be used to model 
household water demand and to estimate the economic benefits from piped water systems. 
Also, prices of water were found to be an important detem&a_nnf of h ~ u s e h o ~ '  c~-n~&n 
decisions. However, with only one existing study, this methodology is still in its preliminary 
phase of development with respect to estimating the benefits of improved water supplies in 
developing countsks. 



ESTIMATES OF ECONOMIC BENEFITS 
BASED ON DIRECT QUESTIONS: 
EVIDENCE FROM CONTINGENT VALUATIION STUDIES 

An alterniltive approach to the estlmatlon of benefits is to ask resporldents a series of 
structured questions about whether they would choose to use a public tap-or choose to 
obtain a private connection to a piped distribution system-if it were available at il specified 
price and under certain conditions (such as level of reliabiltty and quality). This approach is 
termed the "contingent valuatiorr method" (CVM) because the respondent's answers (Ire 
contingent on the hypothetkal conditions or terms of the transaction dexxibed in the 
questionnaire. 

Thls "direct" approach to the estimation of c?conomtc benefits has the obvious drawbacks that 
respondents may not know how they would respond to the hypothetical conditions described, 
or they may know but may not tell the tnltt~. In the water sector, the first threat to the validity 
and reliability of contingent valuation studies is not likely to be serious because water is very 
important to many households, and individuals have typically given their water situation and 
possible improvements considerable thought. However, the contingent valuation method does 
assume that respondents know ex ante the value of improved water services to their 
household. In the case of the health benefits of improved water supplies, this assumption may 
not be warranted. Responde.;.a' expost valuat io~ of the benefits of improved water supplies 
may be greater than their ex ante preferences. If so, one would expect that respondents' 
answers to contingent valuation questions would be underestimates of the economic benefits 
:hey would obtain after the improved water services are delivered and households have 
experience with the new servke. 

The second threat to the validity of contingent valuation studies-that individuals will not 
answer truthfully-has preoccupkd economists and practitioners of the CVM, but current 
research in the industrialized countrh suggests that it b not as important as economists initially 
feared. WeU-designed and well-executed contingent valuation studies appear to provide as 
reliable and accurate measures of economic benefits of goods and services that respondents 
use as other available methods. 

The evidence on the validity and reliabiltty of the CVM in developing countries is much more 
sketchy. However, there is a growing body of evidence that contingent valuation studies can 
be successdully conducted in developing countries. Over the last five years, the World Bank 
and the U.S. Agency for International Development (USAID) have sponsored a number of 

vdmtion studies designed to estimate households' willingness to pay for improved 
water supplies (Wlaittington, Mujwahwi, McMahon, and Choe, 1988; Whittington, Brixoe, 
Mu, and Barron, 1990; Whittington, Okorafor, Okore, and McPhail, 1990; Whwgton, 



Srnltlr, Olror,afor, Okore, 1-111, ,~rlci Mcl'h.all, lOO2; Whittin!ltc,n, I . r ~ ~ ~ r i q ~ ,  Wri!jht, (:lroc!, 
l ?11!lhe3, .~nd Sw,~rn,~, 1002, forthcotning; Alt~f, .l.~rr~ill, ,rr,d Wlniltirrgton, i '.J'J%; P ~ l t ~ ~ f ,  
WIiittln!~ton, .I,rrn,ll, llnti Nrnitti, forthcorr~lng, 1')3:3; IJrkxo~! tr!t rrl., 1000; Ilohrt,, I:v;~!xiburg, 
,lnd Fox, 1093, forthcotning; Singh, I;t,rrnils~lbb.rn, Uhatin, Brlwm, Cirlffln, ,lrrrl Kim, l')O:j, 
forthcoming). 'To date, contingent villulrtion ntudles of housc?hold dr:rn.~nd for lmprovrtd water 
-,c!rvice3 have been conductsd In Latln America (Brazil, 1-lattl, Gudtem;il,r), Afrlc,, (Nigeria, 
Ghana, 'Tanzania, Zimbabwe), and A91a (Pakistan, Indla, and Phlllppines). The results of these 
studies have recently been summarlwd by the World Bank Water Dern'rnd Research 'Team 
(1093, forthcoming). 

The World Bank Water Demand Research Team found that households' willingness to pay for 
Improved water supplies depends on four sets of factors: 

(1) 'I'he swioeconomk and demographk characteristks of the household, including the 
education of family members, occupation, family size and composition, and rneasures of 
income, expenditures, and ussets. 

(2) The characteristics of the existing or traditional source of water, including the cost (in 
terms of money and time required to collect water), the perceived quality, and the reliability 
of the supply. 

(3) The characteristks of the "improved" water supply, including its capital and recurrent 
costs, the quality of the water provided, and the reliability of the supply. 

(4) Households' attitudes toward government policy in the water supply sector and the extent 
to which they feel entitled to government services. 

Without exception, the contingent valuation studies found that the vast majority of respondents 
interviewed were willing to pay something for improved water services: very few indicated zero 
willingness to pay. What type of service respondents were willing to pay for did vary. Table 6 
summarizes the average willingness to pay of households in selected contingent valuation 
studies for private connections and for access to publk taps. In some locations, there was 
almost no demand for access to publk taps, but high demand for private connections (e.g., 
Brazil). In other places, access to publk taps would have provided a great improvement in the 
existing water situation (e.g., Newala, Tanzania). People were willing to pay more for a private 
connecfion, but publk taps represented a major step forward and this was reflected in their 
willingness-to-pay bids (e.g., Hatti). 

One of the most important determinants of households' willingness to pay for improved service 
was found to be their existing water sources (i.e., price, quality, and reliability). This result is 
consistent with findings in Chapter 5 that water vending is most prevalent in areas with the 
poorest existing sources. Inconle was typically neither a major, nor the most important 
determinant of willingness to pay. 



Houtrol\oldn' Willinflnoss to Prly for Irr~provr,tl Wiltor Syr~trlrn:~: 
Rontrltrr frorn Soloctr~tl Sttrrlirla 

A vnrouu WTP for A v o r / ~ ~ . u  WP for 
Privnto I;'onnoct/on Pt~blic Top 

Country Arou/Cit y /US$/mo.) /% Incorn~v) /IJS$/mo.) /% lf~comrd 

AFRICA 
Niuoria Onitsha 03.10 2.0% na na 

Nsukka District $1 .BS 3.0% $0.94 1.1 X, 
Tanzania Nswala no na 00.34 4.0% 
Ghana Kumasi 01.56 1.7% n a n a 

S. AMERICAICARIBBEAN 
Haiti Lauront 01.42 2.1 % 01.14 1.7% 
Brazil CearaIParana 54.00 2.3% Nil tdil 

ASIA 
Pakistan Shoikhupura 

Faisalbad 
Rawalpindi 

India with improved 
water source 

no improved 
water source 

Philippines Santol 
Coral Na Munti 
Pakigne 
Bana~a 
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for l)oill ~)rlv.~tc* c.orIrlc.c.tiorllt . ~ t ~ t l  pcll)lk. t.1913, Ilot11 it) i l O ' ~ o l ~ l t ~  t ~ r ~ r ~ q  . ~ t v i  a? "I 1)car( c911t of 

incorrw. 1r1 rlollc of tlw stll<lie.i v1.17 tlle I r l c , l t l  st.ltutl wi i l i t~!~~~c.w to ~ ~ n y  a: t r r t l c  11 117 1 J'rP!) Iwr 
rnot~th for n prlv,lte corrr~c~ctlon. '1'11~. rne.~t~ l)lt17 f o r  plll~llc t,~l)s wore Iwti thi~tl 1 J!3$ I 1)r.r rr~ol~th 
in rrlolt of the ?t~ldbq, ,1r)cD !~vrl(rr,Illy IG*s.'~cI thr l r)  (JSn1;2 lwr tnonth for ~)riv.rtc cor~nor.tlr~ns. 111 

orlly 3 of the 15 loca~ionn where! corrtIngc?nt v.lll~.rtlon stt~lic!? war0 cr~t~tlrv.tc.tl \ Y * I ~  t i lc~i l r l  

hoelr;c!hold wllllngnc3s to 1)ay for ,Irk irnprovc!<l Icvel of ~,cr.ruke :I iw.rcer\t of inr:nrxw or rnouu.. 

Although the rnc,r~r wlllin!lness to pay for itr~provvtl water wrvicc!? is qr!nc~r,~lly low in thvw 
studies, there-: arc! *;ome important tllffcix~ncelr I~tween study locations. 111 thc* rural . ~ ! j ~ i ( . l ~ l t t ~ ~ i l l  

study i~reas In the Philipplncs, Y,lkLctan, and Inclla, where slterr1;rtivcr w,ltc!r .,l~ppli+!r; wc!rt! 
plentiful, houwholds' willingness to yrly for improvclld ~ rv i ca s  was ucry low-:;otnetlrnus less 
than 1 percent of Income. In those study locations where willingne~s to pay for pri\r,lte 
connections was 3 percent of income or more, the exbting water sources were c~erltcl- ,poor ( r ! . g .  
Newala, Tanzania; Nstvkka District, Nlgerla; and Rawalpindl, Pakistan). 

An initial Interpretation of these findings might suggest elther that the perceived 11er1efitq of 
Improved water supplles are low or that respondents dld not give accurate answlers to the 
questions. However, the World Bank Water Demand Rewarch Team's analyws suggest that 
such explanatlons are often too simplbtk. In several cases, hauseholds' willingness to pay for 
improved servlces was heavily conditioned on past govemrnent policy and sense of e~~tltlernent 
to water r;ervlces. Political parties might have promised low-cost or free water, or households 
might feel that for the sake of equtty they should receive subsidized water services because 
other communities have already obtained them. Also, the studies indicate that households 
place a high value on reliable water service, and there is a pervasive doubt that governments 
can provide the high quality, reliable servke desired. Thus, one of the reasons that the 
willingness-to-pay bids from the contingent valuation studies are low may be that households 
do not believe the improved water wrvke will be reliable. 

The World Bank Wa'er Demand Research Team found another explanation for these low bids. 
Most existing arrangements for collecting payments from households for improved water 
services obligate households to pay a regular or continual fee. In some areas, households 
perceive a need for an improved source only during the dry season, because during the rainy 
season water is readily available and thought to be of good quality. A recurring cash obligation 
such as a monthly water bill may not be a large proportion of total income, but the fad that 
it must be paid every month may greatly reduce a household's discretionary income and lirnit 
its ability to respond to emergencies. 

In surnrnay, the evidence from these contingent valuation studies confirms that households 
perceive benefits from improved water services and that they are willing to pay something for 
these benefits. The studies also suggest that the magnitude of these economic benefits is likely 
to vary substantially from one location to another. This body of research does not support the 
notion that household demand for improved services has some simple relationship to 
f ousehoizi income. R does suggest that the benefits that househoIds receive from improved 
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Ilotl~ f l lc? Itetlor~k: pro;wrty v.1llrcl rnt~lel i i t ~ d  t11+*, c:or~ti~~!pnt v;r l [~~l t lot~  trretlto(l-. r c q ~ ~ i r c !  ths! IlGn 
of detallecl f~ou;crl~old s~rn/c!c/.; ,A drr!jle sllrvc!y rim collr:ct thn it~forrn,ltiotl rrucc*s7,lry f o r  t ! ~  
Irnl)lc~tn+~r\t;ltlon of both ;;1)r)rc, i lc  hen, ilrl<l tile ~rii,r!~irri~l cc.,!;t o f  cr)ll~r.tir!!~ ~ I I c !  iilfor~tt~ltiorl l o r  orw 
;\pproi~ch when the other I.; ,~lreacly beirl!~ ~~rrclu.rtakt:n is low. Combinir1!1 tlte cor~tir~!le~it 
ili>ll4~?!on i ~ x ~ t l  Ildaclonic propzrrty v~luu! studi~!u 111 ;n sir1g1e ir,vt!str<;atior~ thus ,y)pearl; to 1)s ;r 
prorni!;ing avcnurr for fr.rturc work on twttt.frt c!.stirr~,~tir~n, ancl wr;~rld allow t t~c  rc!~eirt.cher to 
dnvelohr R W ~ J  est1:nates of econorr~k i~nefks. 

Flnnlry, this report fnitkvs clear that there is nluch yet to be learned about the economic 
t~erlefits or impraved water supplies and about t~ousehold water demand behavior in 
developing countries. Almost all of the existing studlss use cross-sectional experimental 
designs. There is not a single research study in the literature that uses the more powerful 
"untreated control group wit:: pretest and post-test" design for estimating the economic benefits 
of water supply improvements, Such a research study (or series of studies) would be an 
extremely valuable addition to the existing literature. 
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REVIEW OF SELECTED IMPACT EVALUATION STUDIES 
ON THE ECONOMIC CONSEQUENCES 
OF INFRASTRUCTILJRE INVESTMENTS 

This appendix reviews four studies designed to estimate the consequences of different kinds 
of Investments in Infrastructure. An examination of the problems encountered in the design 
and execution of these studles reveals lessons for evaluation studles in the water-supply sector. 

1. A Study of the Relationship between Investment in Irrigation Infrastructure 
and Agricultural Productivity 

In a study conducted in Orha State In India, Easter (1977) investigated the effect of improved 
irrigation systems on agriculture productivity. In the study area, some irrigation systems had 
been improved by constructing field channels that pravided paddy-rice farmers greater control 
over the timing and quantity of water delivered from a main reservoir. The objective of the 
research was to determine how these improvements in the irrigation system changed cropping 
patterns, crop yields, and the use of factor inputs. Easter hypothesized that irrigation 
improvements would increase overall agricultural production of farmers in a village and that 
variations in the use of different high-yielding crop varieties would explain much of the 
variation in the productivtty of individual farms. 

A cross-secttond research design was utilized. Households in four villages were surveyed 
during the 1970-71 rainy season and during the 1971 dry season. Two of the villages had 
improved field channels, and two did not. A random sample of 126 farmers was selected from 
a list of all fanners in the four villages. 'The sample was stratified by three farm sizes: small, 
medium, and large. Approximately 20 percent of the owner-cultivators were interviewed from 
each of the four villages. 

Unlike the authors of the water-evaluation studies reviewed in Chapter 4, Easter used 
multivariate statistical techniques to isolate the effect of the infrastructure investment. 
Cobb-Douglas production functions were estimated for each crop season in order to determine 
how much of the increased crop yield could be attributed to the improved field channels and 
how much to other factor input9 such as fertilizer, pesticides, and land quality. The following 
Cobb-Douglas function model and variables were used in the regression analysis: 



I - type of villages (conlrol or treatment villages) 

j - type of land (slops, dales, or lowland) 

Y - per acre rice ylelds in quintals by lancl type ant1 farm 

F p e r  acre expenditure on f~rkillzer and farmyard manure by land type irnd f'lrnl 

P per acre expendttures on plant protectlon 

L m per acre man-days of labor used 

D, - dummy indicating improvcd villages 

Dm dummy indicating medium level of insect damage (10 to 25% crop loss) 

D, - dummy indicating high level of Insect damage (over 258 crop loss) 

D, - dummy indicating farms that used high yielding varieties 

D, = dummy for dales land type (Bema land) 

Db = di~mmy for lowlands land type (Bahal land) 

and a,,, p,, P, and 0 are parameters to be estimated. 

The model was estimated for dry and rainy seasons, separately. Note that a village-level 
dummy variable, D,, was used to Indicate whether or not the field channels had in fact been 
improved. 

Perhaps not surprisingly, the results of the statistical analysis showed that improvements in the 
irrigation system increased agricultural productivity in the dry season, but not in the rainy 
season. Approximately half of the differences in agrtcultural productivity between farmers in 
the dry season could be attributed directly to the improved irrigation system. 

The findings of the study cannot be easily generalized since they are based on only four 
villages. Also, it is possible that the use of high-yielding crops and fertilizers may have 
increased because of the improvement of the field channel. Still, the use of multivariate 
analysis to control for influences other than the improved irrlgation system adds considerably 
to the confidence one places on the results. Also, because the data were collected in both the 
rainy and dry seasons, the author was able to examine how the results differed as a function 
of season. Despite the unavoMable limitations of a small cross-sectional research design, much 
was learned from this carefully conducted study. 
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'I'hlrtl, the effect of the transport,~l ion improvulrna?nt.s on int:ome tihtrlbt~t iorr w.15 cfxa:~~ir-i~d, 
Fourth, households were asked about the effect of tra~n~portartiorr irnpravernurlts on their 
overall rlu,~lity of Ilfe. In the Philippines, most xe.clpor~tlanta ~wrcc!lvutl 1t1.1t ths! irv~provwr~errt.u 
had made transport rnoro c-cwvenknt, faster, md  more rellclble. 

Although the rewsrch tc!drn c~llecfed ,I Iirrgcr~ c\rnorrrkt of hausc~hold r,urvuy tlCits, no 

multivariate ar1alyw.s of the data sets are reported. Conclusions lrre 113udlly tlrCrwn from simple 
percentage increases In selected v~riablcs before and aftor the improvement. tiowev~r, khc!re 
lrre two palnb that can lm llenmed from thig rewarch effort. Flrst, the design attempted to 
show the regional ~ I X I ~ J L ~ , ~  by choosing vlllages with different distances from the trlrnsportatlon 
improvement. Second, the rewarch team trkd to evaluate the impad of trdrlsportatlon 
itnprovement both through the changes In traffk volume dlredly, dnd through the chi~nges In 
economic bhavlors Indirectly. 

3. The Effects of lnvestmente in Rural Electrification on Agricultural Changes 
in India 

Barnes and Binswagner (1984) investigated the impact of rural electrification Investments on 
changes in agricultural practices in India over the period 1966-1980. They conceived of the 
effects as a two-step process: electribkation would change farming practice and the adoption 
of new farming practices would induce higher agricultural yields. It was expected that the 
publk investment h electrification would lead to the adoption of electric pumps, tubewell 
irrigation, and multiple cropping. 

Villages with and without electrkity were compared for two time periods. Survey data were 
available from 108 vfflages located in three states in India. Tho unit of analysis was the village, 
not the household. Data were collected on each village in 1966 and then again in 1980. 
Village-level information was collected from structured interviews with four or more village 
leaders, from village records, and from the state eledPicity boards. 

Secondary data were also available for each vfflage on crop yields, area irrigated, area double- 
cropped, and demographic and socioeconomic characteristics of the population. 

Multivariate statistical methods were used to isolate the effect of the electrification investment 
on agricultural productivity. The major question to be answered from the model estimation was 
whether or not electrification had an effect on farming practices, such as irrigation and multiple 
cropping, not on whether or not rural electrification had a direct effect on the increase of crop 
yields. Thw, the dependent variables were measured in t e r n  of (1) percent area irrigated in 
the village, (2) percent area double-cropped, (3) an index of agricultural innovations (such as 
fertilizer, green manure, hybrid use), and (4) the number of grain mills in the community. 



Z : other infrastnlcture variables 

Z, proximtty to xt~ools (index 0-8) 

Z, - proximity to banks (Index 0-4) 

Z, = proximity to agricultural services (index 0-8) 

Z, 3 proximity to transportation (index 0- 12) 

& - proximity to mass medla (index 3-16) 

2, = proximity to markets (index 0-8) 

and e is a random error term and a, b, c, and d are parameter to be estimated. In order to 
Incorporate the data gathered in 1966 and 1980, all of the variables except G were prepared 
by subtracting the data gathered in 1966 from those in 1980. 

The effect of rural electrification on well inigatlon and on multiple cropping was found to be 
signtficant and positive. (The authors also found that the Indian government allocates more 
of its funds for rural electrification to large villages and to vlages near urban areas thzn to 
small, remote villages,) In general, the longer a village had elect-, the more likely it was 
to have higher than average tnmases in well irrigation or multiple cropping. This finding &s 
relevant to water-sector planners because it suggests that one should carefully examine how 
long it wilJ take after the installatton of a water-supply system before the fun benefits of the 
improvement will be obtab~led. 

The authors found that n d  eledrifjcation had a signtfkant positive effect on both the adoption 
of€u6eweKhigation and multiple cropping. This study is interesting in another respect. It uses 
aggregate data from a large number of vtllages. A comparable study of the effect of water- 
supply investments on village-level economic activities would be quite interesting, although to 
date such a research effort has not been undertaken. 
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t or~ctru~clir,rr or1  ~trotlorrrlc ~lcvelotrtnurr~ ( r l O t 1 ~ 3 ,  1004; OartlctrlarI(, liitlorn~an, anrf Ijovet, 
1070; Schrrn?rlar atvl SL.JIP~, 107 1). Moqt trw a slrrlililr rcwart tr tl~ticln: arr PK (.ir~te/rx ~ J F C  
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.I -,vr,onclary (l;mt;r wt tn Ir~v~-,tlyatu! the role of the 1:;rqt Wuct I\i!~!\w;ry ir\ tlrv ur.or\orr~k 
rlnv~lol~mvr~t in 'I hnil.3ncl, Tllc x-O~W of tha qiur1v waq HOD cot~firlet! to ~ I I P  ~ * l l i l r l ! p ~  i t )  traffk: 
11.rtt~rna. It i117~  /r\cltldcfd 411 rltlaly9iu of the B(:O~I(JYII~. irrll~act of thv hi(~hway orl t l \ ~  aruil"rl1at 
fhtt Iliqhway paswd throtrq!a. 

It, oxtler to ;\nalyzc! the impact trl the imprnvc*tl highway, .lonu9 n,nluctucl two qrorrps of towrnq. 
On0 !lrc-jlrp oi  town3-- tllu laantn~nt group - -wa3 Iocat~d within a regional atlrnini-.trativu lrtitt 

t h t  tl~c! Ilighwny j~nswcl thrr3ilgh. Tlre nthar !youp of tcrwnrl- the control group --was selectad 
from a rc!glon ,ldjscz!nt to the first orle, but through which the highway dkl not paw . 'She 
,111thor argued that Ihc! two reglorre had rortghly comparal~le c!nvironmontal contlitions prior 
to the constntctlon of the highway. The wlectlon of towns in each region wdbi r~ot bactucl o n  
random sampling procedtrrss, htrt on the subjective judgrx~ent of the author. 

The output indicators studled did not measure economic benefits in terms of cl~.lrl!~es in 
individuals' welfare. Rather, Jones used secondary census data on agricultural prductiori, 
forestry products production and other business activities from government publicatians and 
compared these data between the two groups of towns over a six-year period starting three 
years prior to the initiation of the road project and continuing until three years after the: 
completion of the road project. Most of the production outputs were measured in t e r n  of 
metric tons per year, and business activity was measured irr terms of the number of small 
manufacturing and processing establishrents in each year for selected towns. Simple 
regression analyses were done relating production cutput to time. From the comparison of the 
slopes of regression lines (x-axis is study years, and y-axis b the percent increase of production 
output), the author showed that the production levels in the treatment areas increased 
significantly just after the construction of the road project, while the production levels of the 
control group stayed at the same level or just continued increasing at their preprojed rates. 

One of the advantages of this research design is its simplicity and ease of Implementation. 
Defining study untts according to existing census boundaries, the author was able to gather 
secondary data easily. If the treatment and control group of towns had been randomly 
selected, and if the sample siPe had been larger so that the significance of dHerences between 
the two group could have been teded statistieally, then tho confidence one could place in 
the findings would have been greatly improved. 

The collection of baseline data and the widespread use of a control group &engthens the 
pmp-@r sm&y. Kowever, me h.ea€inenf (i.e., fhe road profecfJ 

can never be randomly assigned, and the design sufien hum the p~ssihility that the areas with 
and without the road projects are systematically dtfierent fou reasons other than the 
construction of the road project, and that the changes attributed to the road project may in fact 




